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PREFACE. 



As an explanation would seem to be nepeasary for commencing 
the publication ofaiis Essay with one of its Parts only, and 
that not the Pirstj I beg to state, that distrust of my own powers 
to do justice to the subjects severally treated of in them natu- 
rally detera nie from venturing upon the publication of the 
whole work at once ; for however encouraging may be the 
criticism of partial friends, their verdict might be reversed, or 
at least much modified, by the sterner tribunal before which 
it would have to appear. 

I have selected the Fifth Part, because it is a fair specimen 
of the design and general scope of the work ; and by the 
reception which it may meet with, I shall be mainly guided in 
dealing with the remaining portions. As a lover of trdth 
I do not deprecate, but rather court, the commentaries, and, if 
need be, tha censure of the critic 5 well knowing, that what- 
ever he my individual loss or gain, the cause of tedth (which 
alone should he the object of every dabbler in science) will 
benefit by the free discussion of scientific subjects. 

I now commit this Part of my Essay to the consideration of 
tliose who feel an interest in the subject on which it treats ; 
and I earnestly solicit their unreserved communications, whe- 
ther they he for approval or for blame, 

I hope, in a future Part, to make honourable mention of the 
friends by whose advice and assistance I have benefited in the 
composition of this Essay, and In the publication of this por- 
tion of it. I cannot, liowever, dismiss the present one, without 
paying a tribnte to the memory of my departed friend, Henry 
Lawson, Esq,, F.R,S,, who spent the latter part of his life, 
and finished hia eai-thly course, in this city. He was ever 
ready to assist me with his comiael, and to forward my labours 
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by the loan of sach acientjfic volmnea as I required from his 
library. Kind to the poor, and friendly to his neighbours, he 
was anxious at all times to promote works of public utility, 
especially if connected with the fdvonrite studies which he 
himself pursned with unabated ze^ as long as health and 
strength were granted to him. And as he completed in this city 
his allotted time, so did he carry with him to the grave the 
affectiouate regards and kindly regrets of those among whom 
the evening of his days was spent It were to be wished 
that the last year of his life had not been saddened by the 
fiulure of his fondly-cherished plan of seeing his beloved instru- 
ments domiciled in a midland observatory. But this trial, 
destined as it was to be a portion of the discipline of his closing 
career, was acquiesced in with patience and resignation. In 
the memory of many pleasant hours passed in the society of 
my departed friend, I cast this slender garland upon his 
tomb: 

" His aaltem accnmulem donifl, et fimg^ar inani 
Htmeie." 



KiuciBirr Hovii, Siok Hill, Bath, 
Juiu 1B56. 



NOTICE. 



This Essay, when complete, will contain Seven Parts, and 
the subjects to be treated in each Part are as follows : 

I. On the causes of certain impediments to distinct Vision, 
as determined by experiment. 

n. On the structure and external configuration of the 
cornea of the human Eye, and considerations on the use and 
abuse of small apertures, as aids to Vision. 

III. On the practical education of the Eye ; shewing expe- 
rimentally the mode by which that organ is adjusted to the 
distinct view of objects situated at vaiious distances from the 
observer. 

IV. On the proper adaptation of optical instruments to the 
physical condition and structure of the Eye, and to the external 
circumstances by which it is affected. 

V. Incidental remarks on some properties of Light, 

VI. Conjectures, founded on the analogy of Light, as- to the 
cosmical distribution of Matter ; and 

VII. Analysis of certiun Papers communicated to the Royal 
Society, and published in their Transactions ; and of certain 
Papers and Statements elsewhere published : thereby shewing 
how to guard against erroneous deductions and false judg- 
ments in Vision. 



PART V. 



INCIDENTAL REMAKKS OIS" SOME PROPERTIES OF LIGHT. 

In this division of the subject I propose to enter upon a 
practical investigation of certain properties of light, which, 
though not entirely unnoticed by writers on Optica, appear 
not to have been clearly understood, or even correctly stated. 

The basis upon which I have grounded the argument is to be 
found in data distributed throughout the several parts of this 
Essay ; and it is intended, in the present part, to bring the 
scattered elements into a narrow compass, so as to exhibit, as 
it were at one view, the co-ordinate principles of lateral 
shadows and Ught of collateral irradiation. 

But in the treatment of a subject of this nature, our progress 
is impeded in limine by the principal difficulty; What do 
we know of Light ? What do we know even of solar light, 
save by the superficial glances we obtain of the chemical action 
which it is wont to exercise upon bodies, and by its mechanical 
effect upon the organs of sight? Some have made it a ques- 
tion whether the sun have any inherent light, and whether 
he be more than a passive agent for its diffusion by reflexion 
from an external cause. Hypotheses, indeed, respecting both 
his light and heat, have been many, some of which possess 
little merit beyond an ingenious plausibility; while others, 
more congruous, seem to have seduced their authors into the 
pleasant fields of Fancy, where, listening to the music of some 
purling stream, or pouring forth their voice in measured 
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strains to the tones of the melodious pipe, they sang of Nature 
and the things that be. And if, yielding to the same enchant- 
ment, and wandering amid the pastures of Arcadia, I, too, 
sound my feeble reed, may tlie allurements of those peaceful 
regions not lead my footsteps astray, or leave me friendless in 
the happy land ! 

Entering then upon the inquiry, namely, what is Lionx ? 
we can only reply to the question by saying ; That its source is 
unknown, its supply inexhaustible: ever flowing and never 
exuberant; 

" Latg\i3 item liquid! fons luminie, tethereue sol 
Irrigat aasidne calum candore recenti.'" 

That the luminous flood cannot be accelerated, and, when 
partially obstructed, that additional energy is thereby given 
to the stream. That in its efiusion from tlie sun, it proceeds 
at the rate of 190,000 miles in a second of time, and with a 
momentum estimated by Mr. Michel' at the ISOOmilHonth part 
of a grain on a square foot of the earth's surface. Yet such 
is its astonishing tenuity, that the least substantial vapour 
breaks its rays into fragments, and scatters them, split and 
trembling, to the earth. That its waves, though dashing with 
impetuosity against the pupil of the eye, yet inflict upon the 
exquisitely organized retina only the most pleasurable sensa- 
tions. That it plays on the wings of the ichneumon, and 
quickens the pulse of the ephemera. It illuminates the Milky 
Way, and marks the track of the comet. It flashes in the gem, 
sparkles in the wave, lives in the laughing eye, and expires 
in the fleeting dew-drop. It imparts beauty to the lily, pert- 
ness to the daisy, grace to the oxalis, and extracts perfume 
from the rose. Tlie sun-loving pimpernel closes her bright 
eye in sadness at the departure of her lord, the lark ceasing 
her song, and the dove retiring to her cote. The shepherd 
coimts the hngering hours by the circling light of the Wain ; 
the saUor steers for the hoped-for haven by the flickering 
beams of the pole-star ; and the incautious traveller rushes on 
his doom by following the treacherous blaze of the ignis fatuus. 

1 Lncret. lib. v. ver. 281. ■ Walker's Lectures, Art. Opticn, p. 72. 



ESSAY ON VI8IOW. 



Lo, it warms in the lamp of the glow-worm, and bums in the 
torcli of the fire-fly. It ripens tlie golden liarveat, mellows 
the juice of the vine, and gives potency to the pain-soothing 
■poppy. It thrills in the nerves of the gymnotus and torpedo, 
13 resplendent in the aurora, maj-estic in the meteor, fearful 
in the lightning'a dart, aud terrible in the throes of the 
volcano, 

II', then, so muchj and all too little, can be said of tLe light, 
"whichj obeying the fiat of The Omnipotent', sprxing sud- 
denly into existence, and filling sidereal space with its efful- 
gence, LnstautLy lighted up the orbs of heaven, how sliall we be 
able even remotely to appreciate the attributes and perfections 
of Him who created that light, who in the beginning made 
the heavens and the eaith, and whoso Spirit moved upon the 
face of the waters'; who spake in the hnming hnsh^j and 
who, by the pillar of a cloud, and by the pillar of fire led. His 
people through the waters and preserved them in the wUder- 
Tieaa*; whom "the heaven of heavens cannot contain"*; whose 
coming in the flesh was donoted by the leading of a star" ; 
and who Himself was that Light which " shineth in darkness, 
and the darltness comprehended it noL"^ Since, therefore, 
"such knowledge is too wonderful for us," we will henceforth 
contine oui' eft'orts to an examination of tliat material light 
which comes more immediately within tha provnice of this 
Essay- 



Esp. 21. Having placed a certain nmnher of candles in a 
TOWj I held a card finely perforated immediately parallel to 
the Ibie of lights, so that, were it possible, rays from each flame 
might pa3s freely through the aperture, and, emerging there- 
from, fall directly on a screen held at a short distance behind 
the card. On looking at the screen, I observed as many 
spots of light upon it as corresponded to the number of candles. 
And by doubling the number of the latter, without extending 
the line, no other effect was observed to take place beyond an 



' Geapsis i. 3. 

* Kuod. xiii. 21. 

' GoRiiel of &t- Jnhn i. 5. 



" Idem- i. 2. 
" 2 Cliron. v.O. 



^ Daut. xxuii. 16. 
^ Miittli. ii. U. 
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additional number of luminous spots on the screen. These 
spots, kowfiyer, fell nearer to each other ; but being projected 
on the same dark backgi-ound, and in a line, each spot was 
perfectly distinct, and aU were equally well defined. It would 
seem, therefore, that the element of light must be essentially 
different from every other with which we are acquainted, since 
the luminous matter emitted from so many Barnes produced 
no confusion, or interference ■with each other by mutual 
obstruction in passing through so small an aperture. And aa 
these unobstructed rays proceeded through the aperture in 
straight lines, and projected shadows from the edge of the 
aperture also in straight lines, no appearance of " inflexion of 
light" was developed by the phenomenon. It may therefore 
be legitimately inferred, that had there been a Bufficieiit 
number of candles to cause the flames to join, and by their 
juncture to form one continuous liuo of lij^ht, the light thu3 
emitted by so many additional radiants distributed over tbo 
longitudinal flame would have exhibited on the screen a cor- 
responding luminous line. But the same, or intermediate 
radiants, would likewise project a corresponding number of 
shadows from the edge of the aperture of the card, which, 
crossing the direct rays after emerging from the pin-hole, 
would fall alternately, at equal intervals with the latter, on 
the screen. Hence, mstead of a continuous line of light 
appearing on the latter, there would be a succession of spots 
of bright and shaded light; the former being, aa it were, 
impoverished by shadow, and the latter illuminated by direct 
light after its exit from the pin-hole, and before it fell on the 
screen. This will be better understood by referring to the 
following diagram. 



Esp. 22. Having divided a card into two equal parts, 
replaced their edges; and on looking thi-oughtbe crevice at the 

™ flame of a candle, I beheld immediately 
behind the former, and parallel to it, a 
succession of alternate brig/ii and dark 
lilies of uniform width. The former 
were somewhat fainter than direct light 



from tlie candle, and tlie latter somewhat lighter than shadow 
from the card.' 

Ur. Jurfn attempts to explain this phRnomenon partly by 
Newton's theory of "Jits of easy refraction an I eaay reflexion^ 
and partly by the doctor's own hypothesis of "c circle of dis- 
sipation-'^ But it appears to me that his owq bypotlieats 
is grounded v.'poti a fallacy in vision. 

To ascertain, however, whether, and to what extent, fits of 
easy reflexion and easy refraction might apply to the case 
■under consideration, 1 placed a lighted candle close to one of 
the edges of a plane mirror about three feet in widths and 
advancing my eye at the same distance to its other edge, I 
could perceive, on looking into the mirror, not fewer than 
twelve angular reflexions of the flame, besides the primary 
'Jmage, known by its superior brightness, and by its standing 
at the head of the others. Each flame was separated from 
that next to it by a oonsidcrable apace, as in Exp. 21. They 
■stood in a line perpendicular to the plane of the min-or, and 
being projected in perspective, each flame diminished in size 
and in brightneas down to the last, which latter was scarcely 
discernible, 

I then retired backwards a pace ; by which movement the 
flames, appearing also to retire in line, kept the primary as 
the centre of motion. Another step backwards bronght all 
tbe flames into a line with the eye; and they being huddled 
together in a state of great apparent disorder, and the edges 
of some overlapping t)ie edges of others^ while the sections not 
thus in duplicate were thin, flat, and misty, and admitting a 
view through them of all tlie interior images, the effect was 
similar in all essential respects to the phenomenon of the bright 
and dark lines of Dr. Jurin's experiment. 

'■ At the time of my milking the above experiment, I was not aware 
that it had been done by Dr. Jurin, who ueed a piiir of panilld rulers for 
the purpose. But having- became subsequently neiiuaintfld with the fact, 
I hereby acknowledge his claim to priorit-y, in regard to tli*^ eijwriment 
itself; but I am in no way indebted to him for it^a espknntion. 

' See his " Essay on Distinct and Indistinct Vission," ji. WJ. 
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I now removed the candle to the centre of the mirror, and 
standing on the right of the former^ 1 could see but one 
prunary 3tid two secondary flames reflected, namely, one 
on the left and two on the riyht of the primjiry. On iiioving 
towards the left of the candle, the aecondfiry images apjwnred 
to move like satellites around their primaiy, in concentric 
circles. But when I refiched the iiimiediate front of the 
candlsj the satellites hccame eclipsed hy their primary. Pass- 
ing on to the left, the orbits again opened, and the secondary 
images going round the primary in concentric circles as 
before, completed their revolutions by a retrograde nioventent 
When, however, I reached a point on the left corresponding 
to another point on the right, at which the eclipse of the flantea 
took place, the event was repeated, and attended with the 
same phenomenon of bright and dark lines, as when the twelve 
flames were amassed together, liut in the former, as in the 
latter case, each flame occupied a separate plane, althoug-h 
the distances of the latter apart inu9t have been extremely 
minute. 

This experiment shews that the flame was twelve times 
reflected and twelve times refracted within the space com- 
prised between the point of impact or incidence, and that at 
which the final ray emerged from the mirror ; the primary 
being itself only once reflected from the external surface of the 
glass: but had the luminous matter not been exhausted, the 
mimber of angular reflexions and refractions would have been 
multiplied, Tlicre would appearj therefore, to be a atrong 
resistance in glass to the free passage within its body of rays 
of light ; so that after a certain number of consecutive angular 
reflexions, as between the anterior and posterior surftices of 
a mirror, tlic luminous mutter becomes gradually weaker and 
weaker after each reflexion, and is yveutually exhausted and 
absorbed by the glass, as a river is lost in the ocean. And 
this, in the case of light, lakes place the more riipidly, as an 
additional portion of the matter was refracted and passed out 
of the mirror from as many [loints as there were angular 
reflexions. Therefore the pruiciple of fits of easy reflexion 
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and easy refraction, and that of a circle of dissipation, appe^: 
to have no application to the present case. 

If, then. Dr. Jurin's elaborate explanations should be deemed 
unsatisfactory, and another be required, I venture to offer the 
following, founded on the principles stated at the commence- 
ment of this part of the Essay. 

Let A and B be the two pieces of cut card joined at their 
edges a and b ; and let D C be the horizontal diameter of the 
E V G flame. Then, if c d repre- 

sent the diameter of the papil 
; / /' of the eye, the shadow of the 

■._ \ / _,-'' edge o, from the radiant D, 

\ \ i / / will be projected on the pupil 

■■/■., ; /,.'' at d; and the shadow of the 

edge 6, from the radiant C, 
will also be projected con- 
currently with the former on 
the pupil ate. Other shadows 




e 



S £ ^ ^ 



from the radiants E and G will likewise be projected on the 
pupil at e and at g respectively. But the radiant F having passed 
through the crevice, will, after crossmg the lateral shadows a e 
and b g (by which the latter become faintly illuminated), 
proceed directly to the pupil at/; having itself become tainted, 
as it were, by those two lateral shadows. But other radiauts 
between D E, E F, F G, and G C, would cause other shadows 
from o and from 6 to be projected on the pupil at correspond- 
ing points between de, ef,fg, and g c. And as other inter- 
mediate rays would pass directly through the crevice a b, and 
fall at intermediate points directly on the pupil, the general 
effect upon the latter would be a succession of bright and dark 
lines, each parallel to the slit, as represented in the former 
diagram ; but without the slightest indication of inflexion or 
diffraction of the rays of light : the latter having proceeded 
through the division a and b in straight lines, as well also as 
the intermediate lines of shadow from the edges a and b. 

Sir Isaac Newton traces a strong analogy between refraction 
and reflection, in which, he says, some portion of incident light 
is always reflected, and some part refracted, at all transparent 



8 



E8SAT ON VISION. 



surfaces.' This propositi oHj, however, eeums to require 
further elucidation. In Exp^ 23, the only direct light rc- 
fractud was that deflected at the external surface of the 
miri'oi". This might arise from aii excess of luminous matter 
at the jwint of impact, and fcom the resistance offered hy the 
glass to the reception into its substance of a fluid projected 
t>o its surface! at the; ratti of \95,000 itnles in a second of time 
The retardation of the fluid thus cauawl might force the 
luminous pai'ticles in excess to fly off at tlie ancjle-propcr of 
reflfxioii into the direction of the eye. I do not see hoiv, 
therefore, according to tliis view. Jits of easy mfractian and 
easy reflexion api>ly to tlie present case ; for when the liglit 
had entered the body of tlic glass, the stroam of luminous 
matter being reflected and rc-rcflected within its Buhstance 
from interior surface to interior surface, Eind being also simul- 
taneously vefrat!ted at those several points towards the eye hy 
a succession of impulses, tbese repetitions so diminished its 
Volume, that it became finally exhausted by the ojicrationsj 
and melted, as it were, into tlie body of the glass. 

Exp. 24. In order to comprire the results of the above 
experiment upon glaaSj with a similar one upon tbe eye, I 
held a cedar pencil perpendicularly before tho latter, so as to 
excludo from view tlie flame of u candle jjlaced at a convenient 
distance for the purpose. I now saw several well-defined but 
eemi-transparent lines ou each side of the pencilj parallel to 
its edges, and having clear luminous spaces 
between them. The fonner were not all of 
uniform width; neither were the luminous 
spaces equal i nor did the broad line on one 
side correspond in position with the broad line 
on the other side of the pencil. These serai- 
opaqije Iine», passing over the top of the 
pencil, formed symmetrical archca tberer 
without breaking their continuity. ThuSj 
the narrow lateral A, on the extreme left of 
the series, curving over the top of the pencil 
V formed the broad lateral a on the other side ; 
1 Optics, p. asx 



and tlie broad lateral B, in like inanupr, formed tlie narrow 
lateral b. And so on with regard to the laterals C and D. 
By this pro{!e3s, the several arches mutually crossed each other 
at six diiTereiit points, without disturbance at their several 
decussations. 

Now, it appeared by Exp. 23, that rays of light and 
lines of shadow mutually crossed each other behind the 
cut card, and fell on the pupil at opposite points to those 
from whence the radiant matter was emitted. Therefore^ 
in. the present instance, opposite but co-ordinale effects 
lutist have .taken place with respect to luteral shiidows 
from the sides of tha pencil. Consequently the laterals 
A a, B A, C Cj and D d must he considered as eonjngate 
pairs or shadows respecti vely ; and therefore the pencil 
13 hereby represented by a succession of edges falling 
near to each other. That is, A B C and D, being the sup- 
plementary edges ol' tlie left side of the pencil, a & e and d 
will be the corresponding edges of the right side of the same 
instrument. In the same way, lumirioun matter emitted by 
inieimediatc radiants on the right side of the fianie^ after im- 
pact on the right side of the pencil, would he deflected thence 
at the angles of total reflexion (nanielyj lyo" up to 180" from 
the incident ray), and thereby partially illuminate the lateral 
shadows or imnges through which it passed. The latter, by 
this partial illuniin.itioTi^ losing the cbfiracter of opacity, be- 
come semi-transparent. 

But it has been stated that tlie laterals were not all of the 
sarne width, although almost equally transparent, there being 
one wide lateral on the left, and another on the right, of the 
pencil, both occupying ncni -corresponding positions. Now, on 
a closer examination of these broad laterals, it will be found 
that they each consist of numerous other laterals, so close 
together, and divided by so narrow a line of faint light, that 
their hidividuality can with difficulty be distinguished. And 
the observer will perceive, on minute inspection, that the 
laterals thus closely packed logether arise from the same cause 
as that by which the before-mentioned single ones were pro- 
duced. That 13 to say, the single linea owed their origin to 
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secondary imagos or contours of tliu anterior portions, while 
the double ones resulted from the former in combination with 
secondtiry images of tlio posterior ]wrtion3 of tlie pencil, I 
have been the more minute in this account, as the phenomena 
developed bear a close resemblance to those oF the diirk Lines 
seen by Fraanhofer, in his experiment nn the solar spectrum.^ 
For there would not appear to be any very obvious reason 
for supposing that these dark lines have an immediate con- 
nection with the pliyaical condition of the aun^a body or anr- 
face, or anomiilous state of the solar light. When the edges 
of the pencil were recreated on each side of tlie princijial 
image by sabordinate contours, the phenomenon was mani- 
fc'stly the roault of lateral shadaws, each se[>arated from the 
other by the Uskf- vf cvlhteral irradiation- so that each 
pair of edges represented a distinct pencil. It cannot be 
doubted, therefore, that, under similar circumstances, the sur- 
faces of all transparent media, whetlier glass or Iceland spar, 
whether solid or fluid, and whatever he the forma of their 
BUrfiices or the number of their anglea, will be all, in liku 
manner, repeated by the conjoint operation of lateral shadowi 
and tight of collateral irradiation* 

It was remaiked by Huygens, Malus, and Young, that 



I Edinb. Encyc, Art- Optics, Prop, rvi. p. 549. 

' Wliile this M9, was preparing: for press, I received " No. I, Vol. x¥i. 
Monthly KotiLW, Koyal Aatronomica! Swriety, Kovfuiber it, 185&/' in 
whjub 1 find, at piige Q, n. coiu3niinlca.tioii from the Astronomer Boyttl, 
eoht,nimn(j " Itemarki; upon certiiin tades of PeTSDual EiiuoTioti " which 
ajipeitr hitherto to have escoped notice. And it seenip that the Antro- 
nomer Boyal induced Mr. Dimkin (one of four observers to whtim the 
former alludca} to driiiv up un Jicctiunt in a tubuluf form, shewing a 
"CiTnpariaou of the Obatrviitions fo-p e;orreution of Rims gf Microscopes 
of Transit Circle, iimiiijred iLccording: to obderveri." Tlie Astronomer 
Hoyal does not titi^^eEt any aasifriinble cuwHt for the dijcrepanoiea of 
observation; but thinks the phenomeaon may be worthy of the attention, 
of the lioytil Asfmnoraiiiai Society. 

In Pan 1 . of thiB Essay, wiijch in the early part of 1853 -vnifl submitted 
to the irwpection of the Council of the llojal Astronomical Sotii-ty by 
John Lee, Esf)., LL.D,, I shewed by expetinient w cause of error in rcpard 
to nngiiliir meaauremenla with any kind of iimtniment, which eppeara tO 
btLV« estmped the atlentioH of other obserTers; namely, that, owing locta 
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polarization of light might take place by reflexion " at proper 
angles " from the surface of any transparent medinm, such as 
glasa, water, &c. But they do not appear to have been aware 
that the light thus polarized, as it is called, is the ordinary 
liphl qf collateral irradiation, unchanged in its physical cha- 
racter, but anomalously developed. They indeed recognised 
an analogy between reflected and refracted light, but do not seem 
to have entertained a true conception of the nature of that 
analogy, or of the extent, as a governing principle, to which 
it might be legitimately applied. M. Biot observes: "All 
light which has experienced the action of bodies by reflexion 
or re&action contains polarized rays, whose poles are related 
to the plane of reflexion or refraction. The light has pro- 
perties and characters which are not possessed by that which 
reaches us directly from luminous bodies." And again : 
*' The angle of incidence and refraction follows neither the 
order of refractive powers, nor that of dispersive powers, but 
is a property of bodies independent of other modes of action 
which they exercise over light"^ 

These observations, embracing, as they do, only a small 
part of the truth, are suggestive of new difficulties, rather 
than explanations of known ones. They leave the chief 
question unresolved: a circumstance which can only be 
accounted for on the supposition that the hypothesis of Malus 
had been received without due examination, simply on the 
ground of its popularity : a test not always to be depended 
upon. 

No doubt can be entertained that the element of light, 
whatever be its intrinsic nature, enters freely into combina- 
tion, mechanically or chemically, with every substance in 

fltructure of the eye, unless the two pupils be mamtained in a perfectly 
horizontal position at the moment of meusurement, the results cannot be 
depended upon. I likewise shewed that the observance or non-observance 
of this condition, as to the position of the two pupils, all other things 
being the same, constitutes the only diiference between a good and a bad 
marksman with a gun, and especially with the rifle at long ranges. I 
have therefore little doubt that this is the cause of discrepancy, in regard 
to the four observers to whom the Astronomer JRoyal refers. 
' Ejusdem, p. 487. 
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nature. Nor can it, with propriety^ te doubtedj that in sotne 
vra.y those suhstances re-act u^ion light itself: it being a law 
ill physics, thtit action and re-actlon shall follow each other as 
cause and eflect. Now, one of these effectfl results in the 
dev*Giopmeiit of colour, under tlie mutual influencie of laicrat 
shadows and Uyhi ofcoUateml irradiaiiim. This effect is ren- 
dered most perceptlhle when displayed in the coloured bright- 
ness of clmids, and in tiie gorgeous tints of the morning and 
evening ^^kiea. 

Another result arising ont of this Tmilual action and rtv 
action appears to be intimately aasueiated with the elements of 
heat, air, and moisture, in connectbn with motion. These 
are, indeed, the grand causes of physical chnnge ; of decay 
and reconstruction : carriiptio uiiius est yeneralio altering. 
The world grows old and is rejuvenated hourly under their 
comhined action : the great laboratory of Nature is never at 
rest, the sources of electricity never dried up. And till the 
principle, therefore, of what may be termed personal electricitij 
shall be systematically investigated, even thongh we transport 
our thoughts along the speaking- wire lo the most distant parts 
of the globe, we &hitll Btill be ignorant of the latent causes 
of disease, and of the often Insidious approach of our corporeal 
dissolution. 

Exr. 25, Haying placed a decanter on a table, covered with 
a white cloth, immediately in front of a single window, I per- 
ceived that the former projected tbree shadows upon the cloth; 
namely, two laterals, and one primary^ The former were in 
perspective projection with the two aidea tif the window; but 
the lattefj lielng the resultant effect of the other two, and 
caused by their mutual ovcrlapj^ing behind the decanter, the 
dark triangular shadow represented in the diagrann thereby 
appeared in view. And as these two laterals were projected 
from the decanter by the light which entered the immediate 
aides of the window, the former naturally expanded. And 
since the central portion of the light produced no sensible 
effect of shadow, therefore X may be considered the nealrai 
point of the window. Now, as the central shadow is composed 
of corresponding sections of both laterals, and combinea the 
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depth of each, it h necessarily twice as daj'k as either shadow 

singly. I have therefore, on this 
accuimt^ denomiDattd it, aud all 
simiJaj- ones, as the primary. 
Thus, in the present diagram, let 
A B represKtlt the two sides of 
a window ; a 6, a decanter ; 
a' and h' the lateral shadows of 
tJie latter, projected by A and B 
respectively. And eijice the late- 
rals a' aud U cross at a point im- 
mediately in the middle of tha 
decanter, and that corresponding 
sections of the shadows a' aiid h' 
cover the same area behind the 
deeaiiter, therefore their juncture 
produces the central triangular shadow aC b, to which, as 
above stated, the term primary has been given. 

Now, at a and b, the point of impact of the radiants A and D 
respectivelvj there are no lateral shadows. At c and c', they 
ai*e imdistinguishable by reason of their narrowness, and of 
the powerful Btliiiulus produced upon the eye- by the dark 
primary, with its sharply -de lined edges, a G, and b C, as 
contrasted with the whiteness of the cloth. But at s and e', 
the primary being at that place only half as broad as at a c', 
and the laterals of double the breadth, the latter became very 
distinctly visible. At C, the apex of the triangular primary 
(at which point the latter ettect ceases), the laterals acquire at 
that place their greatest breadth, aud, as it were, take the place 
of a primary or central shadow. From this point likewise 
tiiey divide, and branching off uito two different directions, 
iuid spreading laterally as they advance, they gradually cover 
a broader surface ; and each, therefore, thus becoming fainter 
and fainter, they at lengtli fade away, at the distance of about 
three times the length of the primary shadow from C, and 
hccouie obliterated by direct light from the window. If the 
day be obscure, the external portions of the lateralsj both 
before and after division at C, will gradually soften intg dirett 
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light, leaving their interior edges marked bj strong dark 
lines as deep nearly as the prunaiy, oat of which they will 
appear to spring. This will gi>'e to the former that remarkable 
appearance which characterizes the arches of the Inminons 
circles in Grimaldi's experiment (about to be given), in whicli, 
though paradoxically^ a body actually illnminated becomes 
more dark by having a new light added to it. 

These lateral shadows, however, when single, are never of 
nniform depth, being fainter at those portions which are the 
nearest to the edges a C and b C. This want of oniformity 
18 cansed by the light of collator irradiation, which, flowing 
firom the radiants A and B, after impact on a and b, is de6ected, 
and, &lling upon the lateral shadows a' and 6^, near to d and d^, 
these portions become partially illnminated. By this distri- 
bution of collateral light, the primary shadow appears to be 
really darker than in nature ; and while positive blackness 
is hereby avoided, the parts in actual shadow receive sufficient 
illumination and relief, in regard to detail, &om the subdued 
light of collateral irradiation indirectly reflected upon them. 
By this contrivance, also, we are enabled, on the third and fourth 
day after each new moon, to behold portions of her surface 
nnilluminated by direct solar light, which would have been 
veiled in darkness had not the light qf cuflateral irradiation 
from her own surface supplied her with a " twilight " derived 
by reflexion alone from her own atmosphere. For it seems 
incredible that, at the distance of 240,000 miles, the light 
reflected by the earth to the moon could, by a re-reflexion, 
prodoce any appreciable effect upon our organs of vision. In 
making these remarks, however, I must express a hope that 
I may not be inclnded among those upon whom an able 
writer has passed a severe censure for objecting to Dr. 
Young's "Law of Interference," in these words: "It is a 
" law which, though neglected at the time by many philo- 
" Bophers, and opposed by the ignorance and jealousy of others, 
** triumphed over all opposition, and is now universally ad- 
** mitted as a general principle in physical optics." ' 

1 Edinburgh Encyclop. Art. Optics, upon Dr. Young'B Law of Inter- 
ference, p. fiOA. 
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The proposition of Griinaldi lately referred to is this : 
" that a body actually illumiDated may become more dark by 
adding a new light to that which it already receives." ' To 
prove which, he made this experiment. Having bored two 
circular holes sufficiently near together in a shutter, and 
allowing two cones of light to pass through them into a 
darkened room, he received their bases on a sheet of white 
paper held at certain measured distances from the apertures. 
He thus found that the two bases of the lucid cones slightly 
overlapped each other, as shewn in the diagram, where 

ABCDandCEAF are 
the two luminous circles in 
question, of which A D C F 
represent their common seg- 
ment. On closing one of the 
apertures, Grimaldi found 
that the central portion of 
the circular base was the 
part most strongly illuminated ; and that the light diminished 
as the distance from the centre increased. " When, however, 
** both apertures were open, the common segment of the inter- 
" secting circles, A D C F, receiving a double portion of light, 
" became more luminous than the other portions of the base of 
" each cone ; but t/ie two arches ADC and AFC presented 
" a remarkable degree of obscurity, although they received more 
*' light than the rest of the circumference of which they formed 
" a part Now, if the paper be brought nearer to the aper- 
" tares, so that the segment A D C F may be diminished, a 
" position will be found in which the arches A D C, A F C, 
"will become red; but if the paper be withdrawn from the 
" apertures, so that the segment A D C F may increase in 
" diameter, the arches ADC and AFC will become more 
" and more obscure." ' 

Now, in the above statement it does not appear to me that 
Grimaldi entertained a clear conception of the true character of 

' Edinburg-h Encyclop. Art. Optice, upon Dr. Young'a Law of Inter- 
ference, p. 551. 
' Idem, p. 051. 
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the phenomenon which he described ; or that he was conscious 
of the fact that the " luminous cones," by crossing each other 
before their bases were received on the paper, produced, 
at the central point of decussation of the cones A E C F, 
A D C B, the red colour of which he speaks. That point, 
however, may be called the point of inversion of the cones, as 
has been already explained in Exp. 23, 24, and 25. Now, 
this remarkable degree of obscurity of the arches ADC and 
A F 0, to which Grimaldi alludes, was not produced by in- 
flection or diffraction of light, as he supposed, but by lateral 
shadows from opposite and corresponding edges of the aper- 
tures, although the remaining portions of the mcluded 
section, A D C F, had become illuminated both by direct 
light and by the light of collateral irradiation. 

The labours of Grimaldi were not completed at the time of 
his death; but Sir Isaac Newton, struck perhaps by the 
novelty of their results, took up the subject, and caixied it on, 
from time to time, up to the period of his own death, but not 
to completion. 

The experiment which appeared to Sir Isaac's mind to be 
conclusive, as to the supposed law of diffraction, was as follows : 
he admitted a beam of solar light through an aperture (made 
in the shutter of a dark room) the 42nd part of an inch in 
diameter, and having fixed a human hair, the 280th part of an 
inch in diameter, across the aperture, he received its shadow 
upon a sheet of white paper, which he held at distances vary- 
ing from three inches to nine feet from it. He, however, 
found a great disproportion in the width of these shadows, 
they being broader where tliey should be less broad, and nar- 
rower where they ought to have been broader. And relying 
on these results, he appears at once to have adopted Grimaldi's 
views on light. For, he says, if X be the section of a hair, 
and ace represent three rays passing it on one side, and h df 
three rays passing it on the other side, tlien the power of 
repulsion possessed by the hair will turn aside the ray a, nearest 
to X, and before contact with the latter, into the direction a' ; 
the ray b, being more distant, and tlierefore less under the 
influence of the law of repulsion, to c ; but the ray e, being 



ESSAY ON VIRION. 



i: 



-*■. 



toodiatanttobe affected 
Ly the repulsion of X, 
will pasa forward in a 
parallel line to e. Si- 
multaneous reaults will 
take place on tlie oppo- 
site side of X, in regard 
to the rays 6, d, aiid/.' 
Now a mere inspec- 
tion of the diagram would almost suffice to shew that the true 
character of the phenomenon was not faii-ly represented ; and I 
apprehend that^ had the case been reconsidered, it is highly pro- 
bable that Newton would never have put the question "Are not 
the rays of the sun reflected, refracted, and injiecied by one and 
the same principle ?" ' The argument does not seem to be borne 
out by the fiicts adduced : on the contrary, they appear to esta- 
blish the prmciple oi lateral shadows. For let X in the following 
diagram be the section of a liuman hair, as in Newton's experi- 
ment; then, according to Exp. 25,* if a sheet of paper A B be held 
at the distance of two inches from X, the former will receive 
three shadows; namely, one primary, and two laterals: the 
former diminishing, the latter expanding. And notwith- 
standing the apparent disproportion betweea the widths of the 




several shadows at the various distances from the aperture, to 



' Ellin. Encyc, Art, Optics, p. QQ3. 

' Imperiiil Diet., word In/ffct 
Ante, II, 12. 
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whicli Sir Isaac refers, this disproportion ia really harmonious, 
for the two kinds of ahaJows are strictly symmetrical in their 
seeming inequality. Thus at ^, the vanishing point of the pri- 
mary X y Z, only the lateral shadows L / remain. At £ F, 
the divided laterals will appear, to a casual observer, to cover 
the whole space from a to d', and also at the distaiico G H, 
the wliok apace from a* to fP, although tha spaces c' i/ and 
c' 6* respectively -will receive a certain degree of illumination 
from collateral irradiation, as well as from direct light, since 
neither tlie primary nor the lateral shadows cover those imme- 
diate places. 

Again, in regard to the colehrated knife-hlade experiment,' 
of which a single result was deemed to be sufficient to esta- 
hlish tlie h^-^iothcaia, That a beam of light is repelled by the 
surface of a reflecting body even before the former has conwj 
into contact with the latter; without inti'otlacing Newton's 
diagram, it may be aufticient to say, that he admitted for 
the purpose a heam of solar light through a minute aperture, 
in the same wny as be liad done in regard to the liEur experi- 
ment ; and that he found, as he supiiosed, that on his ad- 
Tfljicing the edge of a knife to the solar beam, it repelled the 
latter before it toucLed the knife-edge, and thereby turned 
it aside from its true course into the direction indicated by 
his diagram.' 

Now, on the principles of lateral shadows and coHaieral 
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liffhtj the following explanation of tho jihenomenon may be 
given, if a ray a enter a dark room tlu-ough a niinutcapcr- 

1 Walkef'B Lectures, Art. Optics, p. 110. 
i^Iil™. 



ES9AT ON VISION. 



19 



tiire> and a knife-blade X be advanced sufficiently near to it 
to intercept the latera) ray A> the ray a will still proceed to a' 
and the ray c to c'; but if the tnifu be yet further advanced, so 
tlijit a and b may be intercepted, tben c only will fall on the 
paper at c'. Again advaTlcitlg the knife, so that c Hkevrise 
may be intercepted, then no direct light wi[! fall on the paper 
b' a d' c. But if the knife be drawn back a little, ao as to 
allow the i-ay d to paaa, the !i\tter ■will fall at d'\ and if the 
observer be hot sufficiently on hia guard against the illusion, 
he will assuredly iancy that the ray a bad, by a special act 
of repulsicin on the part of the knife, been turned aside to d\ ' 

Nothing is more difficult to eradicate from the mind 
than a. preconceived opinion, especially when circumstances 
arise which appear to give to it an additional affirraatioii. 
On these occasions we believe too muchj and too readily: 
^uod volumtis facile credivms. Thus, in the case of Grrimaldi, 
hia views on inflexion of Light having found partial favour, 
experiments were made with too little caution, with a view to 
their establishment in the popular belief. But in an analytical 
process of this nature, the principle under treatment should 
be tested by one or more examples of an opposite kind ; so 
that, counsel being beard on both sides, and the question at 
issne fairly and judicially discussed, an impartial verdict may 
be returned. Sir Isaac appears to have completed the first 
part of tho process j and had his valuable life been spared, 
I have no doubt that lie might have complied with the other 
CQnditioHj and tliereby have rcvcrsecl his former judg- 
ment. He might have even seen a necessity for modifying 
the statenientj,tliat " a ray of light has two opjxisite sides upon 
which the usual refraction depends, ivhile the other two oppo- 
site aides are not endowwl with that property."' 

A strong analogy exists between the operation of vision with 
two eyes, in regard to external objects, and the illuminatino- 

' All the diagrams in tliia Essay are greatly exaggerated, it Iwing in- 
tended, in moat ctisea, to nppeal to the iinderstnudin* through the eye, by 
an exhibition of g-larin» insUuices aiiJ effects af the prineipte involved in 
the particiilflp dftjie. 

' Edinburgh ^icjclop-, Art. Optics, p. 477. 
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effect of <li2'ect ^lar light. No one was more observant of 
natural appearances tliau Leonardo da Vinci, upon whqm ail 
opportunity of improving liis art was never thrown Qway, or 
lightly regarded. In one of Ills many propositionsj he shews 
"why the most perfect imitation of Nftture cannot tave 
the same relief as !Nattire itself;" for, says he, "if the eyes 
A and B look upon the object C with the concarrence of 
both the central viaulLl raya, A C and B C, I say, that tlie 
A_ B sides of the visual angles (which con- 

tain their central rays) will see the 
space G D behind the object C. The 
eye A will see all the space F D, and 
the eye B all the space G E. There- 
fore the two eyes will see behind the 
object C all the space F E ; for which 
reason the object C beconiea, as it 
were, transparent, behind which no- 
thing is hidden.'" 

!Now, Trmtaiis mutandis, if A B re- 
'' "^ ^ ^ present the horizontal diameter of the 

sun, then the whole apace E F, behind the opaque body C, 
receiving direct light from the sun, will be illuminated, so 
that not only will C become, as It were, transparent, but, 
operating as a. powerful reflector, it will actually increase the 
intensity of the direct solar light, by the concentration of its 
rays by collateral irradiation, upon that spot. And therefore 
tlie space E F, behind the opaque body Cj wdl become more 
strongly illuminated than if the latter body had been absent. 

It must be evident, therefore, that the principle involved in 
the above experiment has a far more extensive and important 
application to physical optics than Leonardo had supposed. 
And I trast that the following examples will prove sufficiently- 
interesting to induce other inquirers to attempt, by an appli- 
cation of the same principle, the solution of many similar phe- 
nomena, which have not yet received satisfactory explanations. 
While walking one day in August with my hrotJier, the 

1 Treotise on Painting by Leonardo da Vinci, Translation, p. 197. 
Londotij 1803. 
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Vicar uf HayUng Island, Hants, my attention was drawn to % 
remarkable phenomenon. The locality was the South Downs 
of Sussex, near Beacon Hill, immediately above the village of 
Harting. The sun was about 20" abavs the western horizon, 
and the whole of that part of the hemisphei'e suiFused with 
a warm glow of light 

At the time and place to which I am referring, my shadow 
reached to the distance of about forty feet, and, falling on 
ground nearly level, it appeared narrow, but, at tlie same 
time, to be attended by several lateral shadows, the same in 
number on each side of the principal shadow, so tliat the width 
to which the laterals spread seemed, in some measure, to 
compensate the narrowness of the primary. All the contours 
were alike. Between tlie laterals a glow of subordinate light 
appeared, into which they Softened, leaving the several edg^ 
well defined. The same light also separated the primary from 
the nearest lateral on each side. But this glow, extend- 
ing beyond the outer laterals, and falling on gi-ound already 
illuminated by the direct rays of the sun, the additional light 
gave to the particular spot at which it appeared a. most daz- 
zling brightness. The dark shadow of the body of the hat 
presented the appearance of a long, slender pole, whUe tliat of 



fhe brim seemed to hang across it like a shield. Just in the middle 
of the dark shadow of the hat and neck a <.-ross of light was 
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faintly indicated.' After a good doa! of examination, I porceived 
that the principal^ or dark BJiadow, was formed by tlie overlap- 
ping of tho two nearest opposite laterals, so that tho Includetl 
or coimiton section, coinhiidng at that place tlie ehade of each 
lateral, preacutcd the plicnoinenoii of a dttrk central shadow, 
cmboddod in the niid;^t of a number of faint laterals, as repre- 
Bentod iu tho diagram ; in which, howevetj to avoid conihaion, 
I liave introduced only two opposite laterals, with their common 
Boetion, and the lumlnoua croaa within it. There wercj however, 
at least three more lateral shudows Ihaji I ]j«vo rejiresented on 
each side of the primary. The entire group was also involved, 
in, and surrouiukd by, the halo of light aliove described. 
The laterals, like those in Exp. 24,* extended over the top of 
the primary J but the distance at which they fell waa too great 
for nie to perceive in what manner tlioy did so. It was., how- 
over, Biiffieiently obvious, that bad the glow by which the 
laterals were envelojxid and surrounded not been ixiduced in 
brijjihtTiess by tliia mingling of their subordinate ahadowa with 
the liffht itself, the portions of the halo witliiil their iimnedinte 
raii^o would iiave been as ImuinouB as the glow by which the 
■whole p"oup was environed. 

I made many attempts to diaeover the cause of this brilliant 
appearance, and at length satisfied my mind tliat it aroso 
primarily from direct solar light, which, after impinging; on 
tha edges of the hat and fthonlders, was thenco deflected, at the 
anyJet of total riJl<:rron, so ae to fall with its associated 
nhadowB in the manner 8nd at ths place above deacribed^ 
The halo in ([uestion, llierefore, both as to its external ami 
internal unity, Waa the immediate result of the lUjht of col- 
lateral irradittdmi. And tho internal lialo was less Iiright 
than the external one, only bccanae Its strent^th was aubdued 
by tho lateral shadows through wliich it passed in its progress 
into the valley. 
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1 This effect *liew8 in what manner pubonliitHle collRternJ i]]imuDa(ioii 
i» CHiried into the deepeat Hhodowa^ aiid it is in the miitiJig«iuent of thia 
kind ofchinm oiW^Hro Omi the juili-int^jtt an(( skiJ] of ihe. imitiUT ore 
chii^Hy shewn : ycX what wrhcr ujicjn Art haa htTcttiforc nulii^uJ it? 

1 Ante, p. 8. 
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Whejn a similar phenomenon was beheld by Betiveimto 
Cellini, in one of his jtmrneys, his vain and ari'ogant mind 
became so impiously inflated by the vision, that he thus records 
the rapturous state of his feelings : " This (the exterior halo) 
is one of the. most extraordinary things that ever happened to 
man, and I mention it in justice to God, and the wondrous 
•W3.JS of His providence towards me." ^ 

The student of nature (as well as the anatomist) should 
dii-ect his attention, to these eflecta of lateral shadows, and 
light of coUateral irradiation; for tlie former, by laytng his 
deeper shades on a, somewhat paler ground than the general 
tone of the locality on which they are intended to fall, will 
avoid the disagreable effect of blackness which disfigurea 
many paintings. And by introducing delicate lateral shadows, 
as auxiliaries, he will also avoid those meretricious but con- 
ventional tricks which are the usual attendnnta upon poverty 
of design and defective drawing. Although these two principles 
were not tkeoreticalhj understood by the best of the old 
masters, they were practicnUy followed out by them in their 
chief productions, as may be seen in works by Titian, Paul 
Veronese, Correggioj Murillo, Rubens, Rembrandt, Vandyke, 
Ruysdael, Teniers, Le Nuiii ; and even by many modem 
iiiasterSj as Sir J, Re^Tiolda, Wilson, &c. When the same 
principles, however, were carried beyond their legitimate 
boLmds, the practice degenerated into such affectation and 
mannerism as usually characterize thc^ school of Cai-avaggio, 
and even tliat of the Cai-acci ; the concomitants being black- 
ness, hardness of outline, absence of demi-tint, of grace, of 
nature, and of sobriety of expression. 

But a still more startling effect of collateral irradiation 
awaited me than any which I have yet described ; for on 
again ascending Beacon Hill with my brother, by a spur 
rlattig from its south-west side, at about 3 p.m., the western 
sky being still in the same glowing state as before men- 
tioned, I arrivvd at a position from whence my shadow, 
extending across iho valley, reached to the distance of about 



^ llcnvcnuto Cellini's MpjnoiiB. Traui-Iuiitin, v^l, ii. p. 5G. 
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two Imndred yards. Though fainter than before, it was sur- 
rounded by a brighter halo, which latter^ liowever, occupied 
a much larger space than on the previous occasion. 

Having remained a sufifiLcient time on the spot tq assure 
myself as to the more striking points of tlic phenomenoTi, I 
re-commenced my ascent of the hilt, and on reaching a more 
elevated spot, I ob&ervcd that jny shadow in the valloy, now? 
projected to the distance of about five hundred yards from 
me, was entirely changed in ap[iearance» it being doable. 
Both shadows were of the same size, both faint, and both alike; 
and the space between them, as far as I could judge at that 
distance^ might be about tweiity'five or tliirty feet. At first I 
supposed my brother to be near uie, and that one of the two 
shadows must have bolongud to him. I thereibre naturally 
turned to speak to him ; but he was nowhere to be seen. 
I then moved about from place to place, the more effectually 
to examine so remarkable an appearance, imd U> satisfy myself 
as to its reality. The halo, too, which had accompanied the 
single, now overspread the binary, shadow, and rendered it more 
difttinct : it hkewise covered a much larger spact of ground. 

As my brother soon afterwards approached, I careftiUy 
watched tlie effect of the conjunction of our respective binary 
siiadows, 1 remarked that, as his two shadows glided s-lowly 
over mine, each of the latter was darkened by the opera- 
tion. But when he remained stationary, at the distance of a 
yard from me on my lejl, our n^pective double shadows 
having crossed at an invisible point in the atmosphere situated 
somewhere between the place on which we etood and the valley 
on which they fell, they re^appeared in the following order ; 
namely, our two nearest shadows covering the same area, pro- 
duced by their junction one dark central or primary shadow, 

while his other second shadow, 
standing apart on the right of the 
latter, and my other second shadow 
apart on ita left : both being di- 
V ided by the same distancPj they pre- 
sfuted the I'iienonienon of a triple 
shadow, as ehewn m the diagram. The two outer shadows. 
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however, being single, were still fiiint as beforcj although a 
brigtt halo spread around the groups. 

We now changed sides, my brother passing over to the le/l; 
during wliich operation his double shadow, correaponding to 
the movement, likewise crossed over to the opposite side to 
that on which it appeai-od before, as well as contiury to that 
on which he himself stood; and, he being again stationary, the 
same phenomenon was repeated of a triple shadow, exactly 
lite that Tvhich appeared before our change of placCj but in- 
verted a9 to position.' 

We once more separated, and on my arrival near to the 
aummit of the hill, from whence a much more commanding 
view of the valley was obtainedj I looked into the latter in 
vain for my two shadows: they nowhere appeai'ed; but, at 
the proper place for them,, a dazzling halo or spot of light 
was seen, wliich, though falling on a place well illuminated 
by tho sun, and reaching to the distance of eight or nine 
hundred yards from me, aeemed, by ita dazzling bright- 
iieasj to throw the whole valley into deep shadow. The area 
now occupied by the luminous hato might be about fifty feet 
in height by forty in width. 

It is scarcely possible to conceive a spectacle more grand 
and imposing ttian the phenomenon above described. Such, 
indeed, was its esceeding brilliancy, that the eifect became 
dizzling to the eyes. It seemed as though the solar spectrum 
bad been transferred to the spot by the action of some powerful 
reflector, or concentrated there by some equally powerful re- 
fracting lens; and while musing upon the phenomenon, and 
the probable nature of ita cause, the followmg lines came 
naturally to my recollection : 

" And BA the centre of some conves glasa 
Dntw-a to a point the congregBted maA6 
Of diizzlin^ ruys, that, more than nature biigh^ 
Reflects each irnag^ m an orb of htTht, 
While from that point the auattereii beams retire, 
Sink ta the verge, uud tLore in abnde expire."' 

' In the present diagram only Lulf-leng'th shadows are repreeeuted, as 
tlie nutlinc of the hill itself intercepted the other paita of the tlgiire. 
8 Du Fresnoj's Art of Painliug. Mason'a TransIatioD, \er. 360, &c. 
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It also reminded me of a similar phenomenon to which 
Lucretius alludes ; " They say," lie states, " that from the 
lofty liilla of Ida the rays of the sun, when his lighl; ap- 
jiears in the cast, seem to be dispersed, but are afterwarda col- 
lectL-d, as it were, into one body, so as to form a complete 
orb.> 

The phenomenon to which Lucretius refers ia evidently that 
which DIodorus Siculua describes in the followmg passage : 
'* It happens that a peculiar and strango thing takes place in 
reference to this mourLtain (Ida); for at the rising of the 
dog-star tlie sun seems, while it is yet night, to send upwards 
liis rays when tJie air is trant^ull, not in a circular form, hut 
having ita beams scattered into several places at the aamo 
time, as if many fires rested upon the liorizon. But, after a 
little while, these fires are brought together into one place, 
apparently about the size of three acres {Tpiv\e$f>ov). And 
as the day advanceSj and flie sun has risen into full view, his 
appearant^ thea determines the character of the day.' 

No doubt remains on my mind that the cause of tho above- 
mentioned phenomenon is entirely due to lateral sltadtiu's and 
the light of collateral irradiation^ which (the mists of tlie e*rly 
dawn receiving them from Mount Ida) are I'eflected in thenian- 
ner abovB described. Moreover, the period of its occnrrcnce 
ia particularly specified^ namely, August, at which time of year, 
in tlio latitude of that locality, the rising of the dog-stm pre- 



I " Qani ^reniia Iclieia fama'el e montiljua allis 

Dispersos i^rrieis orieiili lumtue cenii ; 
Iiidfi coire ^lolium quusi in uduth, et conticeTe orbem." 

J^acKtiJ, lib. V. ver. 602, tm, 
""iSwj' Sf rt jciii jrapdSoi^ii tm/iffaivtt yi-tirffai ivtpl ravro ri Spot, Kara 
yufi T^r Tou Kvirfls nriTuX^v ctt' Sxpas f^t mtpv^^s Siii r^i* nfiitfiiav tov 
ntpuffovrnr \tpor tmpiriTTi yivurSal rtjv Stpav t^f tuv avefxoiv jrvifrjf' ipi- 
trSai fte TOi* ^mw tn T^e vxiictot oumji avaifWovra rnr aurtmit ovk tv 
KintAo7-*p*T ^y^finT4 Tfrpa^iiiiK^v aWa n^i" <ti\6ya nara irfiWuiit n'm-ovT 
t^oirja OifowappAfijiij Siart fioKeiw 77vpa nXiitii ffiyyavnv roii rijt y^i opl^avrffs. 
MtT ii\iyov il«' irvi^ytTat raOra Ttpbs t» iiiyt6ot, rmt &v yfVijrni Tpn:\tSp<(v 

j!\ripa>8fii rifv Trjt TjfiApas SiaStvtv Karairictxiu^tL. — Diodorus SituliiB, lib, 
xvii.]:. 41>1. 
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cedes tlint of the sun by some feMr tninutes. That the state of 
the atmosphere -was also connected with the phenomenon, 
may be gathered from the concluding part of the passagej 

After a cai-eful conaideratioiij therefore of all the circum- 
stances, I feel no hc's[tation in deciding that the phenomenon 
witnessed from the top of Beacon Hill was the result of solar 
light defloeted collaterally from the bodies of the two ob- 
servers, and thereby projected to the place in the valley at 
■which the bright halo appeared, But as it might be diflicult, 
and in some cases impriwiticiiblc, to ascend high hills for the 
purpose of verifying the accuracy of the above statements, a 
more easy mode will he fbnnd of witnessing the co-ordinate 
plienomena, though, of course, less perfectly, by resorting to 
the following experiment : namelj, 

Exi'. 26. Let a sheet of white paper be raised vertically before 
a single window, at the distance of about ten or twelve feet from 
the latter. Then let a cedar pencil he held upright imme- 
diately before the illuminated side of the paper, so as just to 
toucli ita surface. This done, a strong, daj-k, and rather nar- 
row shadow, falling at the place of contact, will he observed 
by looking at the reverse side of the paper. There will appear 
also two fainter shadows, one on eaeli side of the dark 
one, tliougli considerably broader tlian the latter ; tlieir out- 
lines, however, will be imperfectly defined- Now, it will he 
found, on close ioapectioD, tliat these laterals are formed by 

' While ttifl MS. was preparing for press I received No- 1. vuL x^i. 
Nov. i), 1835, of the Royal Aetronomical Monthly Nutices, in whji;li I 
find, at pag'e W, some reniarka which bear atronj^ly upon tliw subject. 
They are by Bpron Humboldt, in alluaiou to n letter written, by the Rev. 
Mr, Jones, chnplidn of the Uniled-Stoitoa steam -frigftte " Miasiaaippij" 
conhiining the results of observations, mntle on boprd that vessel, oa the 
zodiacal li^Iit, and pulilished "in Mr. Gould's valuable A rae nam Journal, 
No. LXXXIV., May 20, J85a." By (of course} on unintentionnj omis- 
sion on the part of the Baron, the dntsi of obt^rvfttioo of Mr. Jones 
appear to be omitted. I liBTe no doubt, however, that the pJienoinenon 
referred to by both tli^se g-eiitli?mej) is the same in cLiiracCer as that 
descril>ed by Diodorua Siculus, and caused by lateral thadinoa and iight 
afctflUitaal uradiat'tott. This 1 ehall agidn rtfcr to in its jiropr nkce. 
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ray& of light which, entering at the two sides of the wlodow, and 
crossing each other immediately^ a& it were, in the middle of 
the pencil (aa in the decanter experiment),' project the two 
lateral shadows in question. As, therefore, these laterals 
mutually intersect each other to form a common section or 
central ahadow, hence a recnrrence of the same phenomenon 
ad was Seen from the spur of Beacon Hil l. And since, also, 
lateral rays were deflected from corresponding sides of the 
pencil, the former, being thereby partially illuminated, have 
tlieir external edges faintly and indtstmctly defined. 

By removing the pencil gradually from the paper in the 
direction of the window, tlie lateral shadows will be made wider 
arid, consequeolly, the central or primary shadow, becoming 
narrower and narrower, will gradually dwindle to a mere dark 
line. And wjien, by the continoa! receding of the pencil 
from the paper, tlie laterals appear to be gn the very verge of 
BeparatioUj a succession of subordinate sliadows will appear to 
issae out of the waning primary, and, closely following each 
other to the right and to the left in quick succession, and 
in equal numbers, wiil^ on arriving at the distance of about 
two inches from a middle point, simultaneously disappear at 
both those places. 

Meanwhile, a glowing light or halo will be seen to surround 
the ahadowa of the pencil, and, extending to some distance, will 
form a luminous arch aliove their euminits. This luminous 
halo will become brighter according to tlie quantity of light 
collaterally deflected from the pencil, and east on the paper. 

If DOW t!ie pencil be made to recede in the slightest degree 
further from the pai>er, the laterals will immediately separate, 
and form two distinct and equal shadows, so that the space 
between is as well illuminated as the part without them. By 
moving the pencil still farther from the paper, the central clear 
upace will iucrease tn width in the same ratio as the shadows 
retire; and when the latter shall have receded from each 
other to the distance of about two inches, tliey also will 
disappear at those [irecisc places, leaving the paper blank and 
uniformly illuminated. 

' Aaie p. l!3. 
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If this experiment be fiiirlj conducted, and the ligfit ad- 
mitted into the room be of a subdued charactei-j it will afford 
rerj- satisfactory and conclusiTe reeults, and, in conjunction 
■with the other proofs, iv-ill establish, as physical truths, the 
co-ordinate piincipies of lateral skadowsy and light of collateral 
irradiation. It will also shew that the statement, That light is 
actually repelled by the superficies of bodies before contact', 
is a fanciful notion^ founded on a fallaty in vision. 

The principle of lateral shadows, as herein set forth, and 
as exhihited from the top of Beacnn Hill, may be briefly ex- 
plained by the help of a diagram. ThuSj let A B represent 

the horizontal diameter of the sun, 
D an opaque body on the side of 
the hillj a the vanishing point of the 
lateral a a b, and b' the vanishing 
point of the lateral b h' a, caused by 
conjugato radiants from A to O 
and B to O respectively. Now, 
since these laterals a a b and hb' a 
cross each other behind D, and 
form a common section o C i, ter- 
"ij'" "" minating at the point G ; therefore, 

the resultant effect or ceatral sha- 
dow, o C A, combining the depth of both laterals, becomes the 
primary of D. 

Now, at a and at 6, two opposite points of the surface of D, 
no lateral shadows will appear, as the direct solar rays from 
A to O and from B to impinge on points contigoousi- 
to a and to b respectively. But at £ e they become 
decidedly visible, having increased in width in the same 
ratio as the primary diminished. At G G g, however^ the 
duplication of the laterals ceasing at the point Cj the latter 
acquire at that place their greatest width. But from the Same 
point also they begin to divide : therefore, at H h, say 500 
yai*d3 from D, they become two distinct shadows j but at that 
distance likewise, though more spread, they are less effective 
for ahadow, and therefore appear fainter than at any other 

Edia. Eucjc., Art Opdce, p. 533. 
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point nearer to D. At h' and a\ however, being 800 or 900 
jai'da fiiini D, and also the vanisliing points for effective 
ahadow of an' 6, bh'a, respectively, the laterals disapi>eflr, 
and D becomes, as it wore, transpnrent, according to the 
definition of Leonardo da Vinci.' 

But, as before stated, the spaco b' s', having received a 
considerable accession of solnr liglit by collateral irradiation 
from Dj is so brilliantly illuraiiiiitfid as to cast into apparent 
aliadow the whole of the other pnrta of the vftllcy, allbongh a 
bright sun shines directly upon them. Thtr^fore, wuinlis mti- 
iaiidts, if, in the following <liagram, A 1 2 3 4 5 B represent 
so many radiant points of the surface of the aiin, and D an 
opaQiie bixly, then the Itiininous matter emitted by the radiants 
A 1 2 3, ailer impinging on I) at contiguous points to .t, will 
he projected thence, at ike angles of total rpjlcximi, to other 
correajxiTiding points at a c ft rf, of the valley a 6'; and by n 
simultaneous pi-oceas, the radiant mattor proceeding from 
B 5 4 3, after impact on D, at contiguous points to ij, will be 
thonce deflected at the angles if total rejlexiotiy to otlier cor- 
reRpondinj^ points at A c a /of the valley a b'. 

But other Juminou* points between A 1 2 3, and B 5 4 3 
will likewiso emit luminous matter, which falling, in like 
manner, on other corresponding points of tlie valley a h\ 
tlte accession of solar light tliore received by collateral 

irrtidialion should have been ren- 
dered nearly as brilliant as the 
sun itself. liut since the radiants 
in question aro as effective for 
lateral shadows from D, as for col- 
lateral irradiation Iroin points 
contiguous to X and y ,- therefore 
tlicse laterals so impoverish tlic 
collateral illumination, that the 
general effect of the ahadom-in- 
l}f}ht of D becomes only as bright 
as the halo seen from the top of 
Beacon HilL 
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Perliaps oiie of the most remarkable features of the phc- 
menon above described is this, namely^ that the central point 
of the sun O (of the former figure) and 3 (of the present one) 
is that from which the smallest possihic effect of illumination 
and of shadow is produced; so that, aa in the middle part of the 
magnet, tlie centre of the sun's visible disc may be considered 
iti neutral point. 

Now the results of Experiments 24, 25j and 26,' in regard 
to the principles of illumination and lateral shadows, force 
upon the mind the conclusion, that the matter of solar light is 
thrown off, simultaneously, from opposite aiiles of the sun, 
only in lines tangential to his surface, and verging towards 
each other, as exhibited In the annoxed diagram. For exam- 
ple, if E W represent a section of that luminary at the Equator, 
supposed for the argument to be at rest, then the conjugate 
rays proceeding from the side E and from the aide W, and 
inclining towards each other, must cross and recrosa in all 
directions aronnd the sun's hody at angles varying in raagin- 
tude as the distance from his surface, and producing lateral 
fshadows from iutermodiate bodies corresponding with those 
angles and the relative positions of those bodies. If the lumi- 
nous matter flow from the side E in the direction E e, and 
also from the side W in the direction W w, tJiey will mutually 
cross at the point C; and supijosing the projectile forces to be 
equal, their resultant effect will lie heti,veen the two, namelj', 
in the peri>endicular from tiie point C. If the flow of matter 
take place from the side E in the direction E e', and likewise 
from the side W in the direction W lo', their crossins takin" 
place at C, the resultant effect would stiU lie m the perpendi- 
cular. Precisely similar results would follow from all other 
crossings, at whatever point they might occui*. And since 
these mutual decussations would' take place at points every- 
where symmetrically distant from the solar surface, there- 
fore, according to the above hypothesia. It is impossible that any 
one pail of the sun's disc can exhibit a more luminous appear- 
ance than another. Not only will the central and circum- 



' Ante, pp. S, 1-2, acid 27. 
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yet, as the conjugates cannot be brought to maturity for tlie 
production of light, in failure of lliia rrmtaal crosfling and 
exchange of polaritiBS, therefore they are unproductive for 
the purpose ol' iilumination. Hence we arrive at an explana- 
tion of another phenomenon, namely, the cause of the appear- 
ance and diaappearmice of periodical stars. For as none of tlie 
astral bodies maintain precisely the same relative distances 
ajiart, but sometimes approach nearer to, and sometimeB recede 
farther from, each other (as Lagrange has proved),' according 
to the operations of a. law, itself invariable, to which all the 
Byatcma of the universe owe their pcrraajicncy and stability : 
therefore, if E W be n star, and 11 the earth when at its 
minmuin distance therefrom, then will E W be visible to the 
latter; but when tha earth arrives at b, its maximum distante, 
E W will then be invisible to the former. 

With these data in view, the principle o? collateral irradia- 
tion may be apjilied iii cxplana- 
— f tion of a number of cases anala- 

;'/ gous to those whicli have been, 

/ already described; such, for ex- 

/ ample, as the corona of light 

/ seen at the moment of total 

eclipse on the 7tli of Jidy 1842, 
^Ji^i^ 1/ and again on the 28th of July 

1851, On botli these occasions 
the strongest mass of light ap- 
peared next to the dai'k body 
of the moon, but, gradually 
softening in brightness, it melted 
insensibly into the deep azuro 
by which the corona was iur- 
rounded. This phenomenon, 
ati<:ording to the principle of 
coIfaJsrat irradiatiorty may be 
thus expliiined : Let A G repre- 
sent the diameter of the aun 
at the moment of total eclipse, 
Edinb Eiic_yrl. Art. Aatiwn., p, rtnn. 
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and ABODE FG so many raditint points on his surface 
from whence the luminous matter issues; M a, section of tlie 
moon, and I the earths Then, at tlie moment of superposition 
of the moon upon the sun, the luminous mutter from A, im- 
pinging on the side of the moon at the points X and Y, will be 
thence deflected, at the anglea of total reflexion, towards et an 
the left, and towards a' on tho right, side of her disc; tliat 
from £ to £> on the left, and h' on tlie right; that irom C 
to c and c'; and so on with respect to E F find G: th& 
same effect a!so taking place from intermediate points, Thuis, 
cro83 raja of solar light being collateruUy deflected from so 
manj' points of the moon's surface, and flowing thence, as by 
a continuous stream, into so many corresponding directions of 
the lunar atmosphere, the action thereby produced would 
necessarily give rise to the phenomenon of a corona, snch as 
that described by Sir John Herschel and by Mr. Main. 

Another ramarkable eifect of tlie principles of lateral shadows^ 
and li^ht of collateral irradiation, is to be found in the 
appearances of the "red projections" seen during a total 
eclipse of the sun. Sir John Herscho! gives an interesting 
account of this phenomenon, in his " Outlines of Astrouomy ;" 
aud the Rev. Rohci-t Main, M-A., gives an equally interesting 
description of a recurrence of the same phenomenon, In his 
" Rudimentary Astronomy." These accounts state that the 
"red proJMtinns," or "Jtames^ as they have been sometimes 
called, rcsembte conical hlllsj having narrow bases ; and that the 
perpendicular height of some of them has been estimated by 
Beer and Maedier at 40,000 feel:, or about 14,000 feet higher 
than Chimborazo of the Andes. Now, liills of such stu- 
pendous elevation, as compared with the moon's diameter, 
would, if rising from her surface, give us a strange idea of 
the geological structure of that planet ; and even if they belong 
to the sun, little as is known of that lummary, we should be 
disposed to receive the estimate cum grano sails. But I be- 
lieve both the forraa and the colours to be merely optical 
illusions; the former being lateral skadnws of conical and 
other shaped hills, in all respects simOar to those usually seen 
on the moon's surface, whose perpendicular elevations are 
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raoilerate, as compat-ed with tlie red eminences of which we 
are apeakiug ; and the latter, namely, the coloured appearances, 
being merely shadows-inflight, tinted by the lateral akadows of 
hilts situated, probably, hundreds of miles beyond the moon's 
visiiile disc, on that side of the planet whose surface has never 
been directly viewed by mortal eye. For the development 
of such-like appearances, it is not aecessary that the liills 
whose forma are presented to ua only by their lateral shadows 
and «hadotai-in~ligkl , should be more elevated, or different hi 
character and shape, from those whose natural shadows we see, 
about the time of the moon's first quarterhij^, projected upon 
her surface by hills of ordinary shapes. An inspection of the 
diagrams given by Sir John Herschei and by Mr. Main, in the 
title-pages of the respective works before mentioned, will, I a.^ 

prehend, satisfy the most sceptical as 
/. to the cause of both phenomena 
^'/ being rightly ascribed tOklateral sha- 
^Py doufs and light of coUaieralirradia- 

// Hon J being likewise analogous to, if 

/' not identical with, the causes which 

gave risti to the phenomenon ob- 
served before day-break around 
Mount Ida moi-e than 2000 years ago ; 
and also to that recently witnessed by 
myself from Beacon Hill, on the 
South Downs of Sussex. 

Again, in regard to the red colour 
of the lateral shadows, or shadow»-in-^ 
colour ed-iight projected by lunar 
mountains, such-like chromaticeffects 
must mainly depend upon atmo- 
spheric reflexion. For colour, as 
such, having no separate or tangible; 
existence, and being merely a modi- 
^ fication of light by shadow (as will 

CA be presently shewn), cannot become 

visible in the absence of a reflecting 
medium. Hence, it would seem to 
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follow as a necessary consequence of the red appearances, 
that the mwn is really surrounded by an atmosphere of her 
own, of HOme density, and, in many respects^ not disBimilar in 
character to that belonging to oiir earth. The absence of visible 
clouds, and the other arguments usually adduced in support of 
a contrary opinion, appear to me to have no force, they being 
opposed to the conclusions from analogous cases. That her at- 
mosphere accords with her geological condition must not be 
denied ; and as she appears to have neither an ocean, nor rivers, 
nor fountains of water, upon her surface, we may presume that 
the constituents of which her atmosphere is composed may differ 
in some respects from those which compose our own, and 
from which we derive so much moisture. With us, certain 
definite tesults follow from the various proportions in which 
hydrogen, oxygen, nitrogen, and carbon, or their elements, 
combine; and slight variations in th ese resppcts wouM 
produce all the results required of, and exhibited by, a lunar 
atmosphere. 

The zodiacal light appears to be another manifestation of the 
light of collateral irradiation, m Connection with lateral sha- 
dows. It 13, of course, beat seen in tropical regions, because 
there it has the ecliptic nearly always for its axis : and like- 
wise because the solar rays are deflected^ after sunset or before 
sunrise, from parts of the earth's surface only a little below 
the observer's visible horizon, and in perspective projection 
with the place of the sun. And since the luminous mat- 
ter, after impact, is thrown forward by collateral irradia- 
tion, and made to cross the observer's vertical at an extremely 
obtuse angle ; therefore, while this circumstance renders the ap- 
pearance of the light more brilliant by contrast with the obscure 
azure above its boundwy, the rotundity of the eartli and rapid 
motion on her axis generally obliterate the columnar bright- 
ness Boon after sunset. Now the reverse of this takes place 
in high latitudeSj where, about the times of the two solstices re- 
spectively, the solar rays are made to glance oft' by collateral 
irradiation, from parts of the earth's surface more obliquely, 
and JTora pointfl more distant below the visible horizon, than in 
the tropics. And the luminous matter being more diffused, 
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and deflected upwards in larger quantities, and to a greater 
elevation, as regarda the obaerver's vertical; tke columnar 
light Iiaving likewise its pole directed alternately more to 
the north or to the south, according to the eartli's position in 
her a-nnual orbit, and to the apparent tracl: of tlie sun : there- , 
fore tlm atmosplicric illuniination is here more extensive and 
more lasting. Hence, favoured by locahty and by the son's 
position, the inhabitants of our more northern and southern 
regions enjoy, dui'ing then' respective summers, a more pro- 
longed twilight, and, conseqneatty, a longer day. 

The^e remarks seem to be entirely borne out by Baron 
Humboldt'a observations^ who, though mistaking, aa it seems 
to me, the cause of the phenomenon of the zodiacal light, 
says : ** On the whole, the variations of the zodiacal light 
appear to me to depend upon variations inherent in the phe- 
nomenon, and upon the greater or leas intensity of the laminous 
processes going on in the ring. This is proved hy abservationa 
in the Soulhem Ocean, which indicated an opjoosile light in 
the heatens similar to that seen at Sleitset.^ 

Baron Humboldt's obaurvations on the zodiacal light were 
made in March of the year 1&03, in the Southern Ocean, 
while sailing from Callao in Peru to the Port of Acapnlco in 
Mexico. On the 17th, 18th, and 19th of March, says the 
Baron, the latitudes vai'ying between 12°. 9' and 15*. 20', 
NORTH, and longitude lOi". 27' and 105". 46' westof Paxis, 

1 "Cosmos," Vol. iji. p. 5BB. — I must here agTiiji revert to the Monthly 
Notice of the Koyal Aatrononii-iMl Society, for NovemJjer 9, 1855, in which 
I find remarks "On certain appea.nuices coimetteil with the zodiacal 
lig'Ut," byfnrun HimiboMt, with an immediate rffurencu to certiiin btiser- 
vationa on the same subject, mtide by the Rev- Mr, Junea, Chaplain of thd 
United-Statea' Steanl frigate " MiB3iaai]:pt," Without going" much into 
detail, it ^'ill ha sufficient to eay, that both the Baron nud Mr. Jonea 
advocate the hypothesis of a uehular ring of hght, having the earth for 
its (xnCre. Mr. Jonea Haya, " That it ia a rin^, the unbrokm continuity 
of my nbaervations (during a. period of two years) sndsfactorily del«r- 
" mines." But if any reliance can he |i(ac*d on the hypiitlie,iiB ut' lateral 
ahadmet and tight of collateral irfodiation, by whiuh I huve endea- 
voured to explain the pheriamenon, tlie notivTl of 3 uebuluT ring must lie 
abandoned as OntenHble. — See aJao " life of thu Ilumboldts," by Klencke 
and Schlesier, p. 171, 
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t!i« zodiacal ligl't iqipeared to have its base resting upon the bihi, 
wiiily the former was brighter than he had ever seen it before 
at the approach of the vernal eqauiox. "The vertex of the 
"luminous pjraimtl measumig 39". 5' above the sea-horizonj 
** inclined somewhat towards the north, and Us brightness in- 
" creased and diminished progressivehj during five or six niffJUSt 
" tcith the greatest regnlarily. Its colour was not white, like 
" that of the Milky Way, but a reddith yellow ; and any small 
" clouds near the horizon reflected upon this reddish ground a 
" lively htne light One Tvould almostsuppose hu aaw a second 
" sunset in the east ; for while the light was very bright iu tba 
" west, we conetantly perceived In the east (and this is, beyond 
" doubtj a very striking phenomenon), a whitish light, which 
" was also of a jiyramidal tbrm. 1 am inclined to tlnnk that this 
" white light in the east was the reflexion of the real zodiacal 
" light at setting. Both also disappeaeed at the same 
" TIME." (Monthly Notice, above cited, p. 17). " The varia- 
" tions in the brightness of the phenomenon cannot, according 
" to my experience," says tlie Baron, "be accounted forsolely 
" by the constitution of om* atmosphere. There remains much 
'* still to be observed relative to this subject,"^ 

Mr. Jones's observations are as follows: " Twice, near the 
" latitude of 23" . 28' nortli, when the sun was at the opposite 
** solstice, in which position the observer has the ecliptic, at mid- 
** night, at right angles wUh his hori^ton, and bearinrf east and 
" westf I had the e\traordinary spectacle of the zodiacal light, 
" simultaneously at both cast and west horiaons, from eleven 
" to one o'clock, for several nights in sncce&aion. 

" At an early period I began to query whether the moon, 
*' ueai" its full, might not give a zodiacal light;" and subse- 
quently, after making fourteen rcHable observations, ho found 
that this planet dtd so. On anotlier occasion, he noticed a 
zodiacal light caused by the joint action of tlie sun and nioonj 
which, overpowering the moonlight proper, caused a decided 
stream of light to appear in the sky within the zodiacal-light 
boundaries, although the moon was then without the boundary 



' Tht! iddlV!) nre udtjed to diaw aUcntion to \h.v passages. 
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of this jointly-reflected light. *' It seems to me," saya Mj". 
Jones, "that these data can be explmned only by the sup- 
" position of a nebuloas ring with the earth for its centre, and 
" Jj'"g within the orbit of the moon." Great houi'ly lateral 
change* in the boundarie3 of the light were cauied by the ob- 
server's change of place, in that time, as regards tha ecliptic 
or axis of the zodiacal light. "That it is a ring," the reverend 
gentlemen remarks, " the unbroken continuity of my obaerva- 
" tions satiafactorily determines." "/ could get no parallax ; 
'* but, on the cotitrary, as tee went south, iAe boundaries of the 
" ssadiacal light changed with ua to the SOUTH among the etars ; 
" and so, vice verxii, towards the NOBTrt, caused, doubtless, by 
" the ring's presenting new portions of its wide reflecting sui'- 
" fase to the sun's light. "^ ( Vide Monthly Notice, before cited, 
pp. 19, 20.) The idea which appeajB to prevail in themind of 
Mr. Jones is this ; namely, that a nebular ring, somewhat 
similar in character and in appearance to the ring of Saturn, 
lying witliin the orbit of the moon, extends around our eartlu 
But the rule of analogy is scarcely applicable to the two cases, 
lor tlie ring of Saturn may be nothing raoro tlian solar light 
reflected ■from interior Satellites, moving with such velocity 
around the planet as to produce ^^n^y the impression of a 
luraiiioua ring upon the retina of the eye. 

The phenomenon of the aurora borealia and australia eeema 
likewise to be a development of tlie lighl of collateral irta- 
diaiion, in conjunction witli the earth's lateral shadows after 
sunset. Aa to the noiae of crepitation which some persons are 
supposed, and have themselves believed, to have heard, that, 
I apprehend, must bo an aural deception. The fact, that 
filaments springing from the same pair of nei'ves are distributed 
alike to tlie ear and to the eye, shews how intimately asso- 
ciated those organs are with each otlier. Hence, what affects 
the one sense is frcijuently responded to by the other; and 
the involuntary sympathy they mutiialty exercise is frequently 
a source of mental error,* 



1 The italics are not in the origin))! pussagos, 

^ ^it John Rosa, upivareb of thirty ^eurs ng^, buggeated thatr Uie i»uoe 



Now as like causes produce like efFectSj the phenomena of 
parhelia, paraselenas, solar and Lunar haloa, rainbows, and 
auch-Iike, are likewise to be attributed to lateral shadows 
and light of collateral irTadiatioji acting upon media having 
at least two surfaces ; and therefore, if these principles are 
founded in truth and nature, as I believe them to be^ it cannot 
fail to awaken our surprise that such able writers and pro- 
found thinkers as Aristotle, Dion, Julius Obsequens, Cardan, 
Snellius, Hevelius, Hook, Gassendi, Dea Cartes, Smith, and 
others, should have missed tliem. But discoveries are fre- 
quently made by accident, tiiid tliese accidents happening aJike 
to all, to the simple as well as to tlie wise, theia- proper 
applications are sojiietitnea made by men of inferior powers of 
mind. 

The nest phenomenon to whjcli I shall refer, as an exliibi- 
tion of the principle ci collateral irradiation, is that whii:h 
relates to tlie Nebulse, which, scattered over different parts of 
sidereal space, appear of various shapes; sometimes distin*" 
guishable only as patches of loose light, sometimes as spherical 
bodies, and of other recognised forms. These masses have 
bfen supposed hy Huygens and Des Cartes to be " phospho- 
rescent vapour," " Imiiinous sidereal matter," or " star-dust," 
moving in vortices, aiid slowly condensing, by a process of 
refrigeration, segregation, and aggregation, into solid plaiietary 
bodies. But, it may be asked in the language of Lucretius, 
" unde ajther sidera pascit ?"' — (' Whence comes the ether that 
feed$ the stars ?') Yet, to be consistent, the advocates of the 
"nebular hypothesis" should also, like the ancients, have 
insisted upon tlie eternity of matter and the foLtuitous motion 
of its parts ; because the^e elements sxq equally necessary 
to it, equally opposed to analogy, and equally repugnant to 
reason. But I am here trencbing upon a subject reserved 
for treatment in the sixth part of tbis Essay, 

which produces the aurora is probably n. refleuoii of the stm'ii raya irom 
Ihe coloured aurfacea of lUigTilar blocks of ice ia the polar reg;iony, nnd 
from the uuder iiurfitCGS of circnmpolnr u^Quda. I quote fi'ooi memary, 
nol having bis " Arctic Voyage " to refer to. 
^ Lucret., lib. i. ver. 233. 
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The gi"eater number of the nebolse' appear to be situated 

within, or on the borders of, the Milky Way, Sir William 
Herechcl divided tlieni into six classes; namely, "1. Those 
" which arc decidedly resolvable into clusters of separate 
" etars ; 2. Those which are not wholly reaolTabte, but 
" which apparently would be by the use of greater optical 
"powers; 3. Those which in bis telescope shewed uo trace 
" of resolution ; 4. Planetary nebuhe ; 5. Stellar nebiihe ; and 
" e. Nebulous stars,"" 

" All the resolvable nebulae," says Sir John Herschel, ** exhi- 
" bit themselves, in telescopes of sufficient optical powers to 
** shew them well, as almost uiiiveraally roimd or oval, their 
" loose appeudagea and irregularity of ibnn being, as it were, 
■■' extinguislied by the distance." And tlioae "which shew no 
" signs of betng composed of stars^ would probably be com- 
" pletely resolved by a furthijr increase of optical power; in 
" tact, this probability has been converted into a certainty by 
" the magnificent reflecting telescope constructed by Lord 
" Rosae, of sis feet aperture, wlilch has resolved, or rendered 
" resolvable, multitudes of nebulsE wliich had resisted all 
'- inferior powers,"^ 

In attcm}]ting to trace a physical effect to it^ proximate 
cause, pci-bflps the best method to be pursued is, following the 
rule of analogy, to institute a comparison between aknown, and 
a smiilar, but miknown, phenomenon. In this way we sliall 
generally arrive at satisfactory results. Ancient philosophers 
fell into extraordinary errors by neglecting the mode of inves- 
tigation by comparisons; as when, attaching no importance to 
ascertained facts, some attempted to CBtablish the hypothesis 
of a ^^nUFR, others ot a. vacuimu Tliey made appeals to the 
understanding by an aryumentiim ad Jtediciuin, in which pro- 



' Alfhoug-litlie word nejic/a, re applied todufiters of iftars, ie an evident 
misnomer, we carniut diapense ivith it til] the popular mind chilli Lave 
bectime familiar iaed with the more sppropriatc term cluater, which, 
thouf^h tiiit ll'eacliptive of the appearante ai Taaa^ of thes£ bodies^ is mare 
in aoco/dunce with their iiuturc. 

- Mnij/d HuilimenUiry Aatronomy, p. 1S3, 

* Outlines of Astronomy, p. 507. 
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cess, howeverj all the condilions were to be granted. Lucre- 
tiua, for example, saya *' We perceive odours, but see tliem 
not ajtproach ; distinguish heat, or cold, or sounds, but not 
with our eyes. ^Nevertheless, all things must of necessity 
consist of a corporeal naturej since they possess tlie power of 
impinging on our senses, as nothing excepting bodily substance 
caa touch or he ioncked? 

Now if, with regard to the nebulffl, we. adopt a process of 
analogy, we mtiat commence by establishing tbe fact, that cer- 
tain known clusters of stara occasionally assume a nebulous 
appearance. Thus, when the Pleiades arc seen iu a clear sky 
with our natural vision, we perceive that the group is com- 
posed of separate stars ; but when viewed tlirough a thin 
vapoury mist, the group appears only like the usual patch of 
light exhibited by a "nebulous" body. Wben, lioweverj we 
direct our view to the nebula marked 13 Messier, although 
there be no vapour in the atmoaphere, it will appear only 
as a patch of light \ yet, when seen througb a telescope of 
greater optical power, it is at once i-esolved into " discrete 
stars." But to resolve;, even partially, tlie nebula in the con- 
stellation of Orion, it requires the utmost extent of optical 
power ofwluchwe have as yet found the means of applying 
to it. Yet far beyond these nebulEC probably, and lying, as it 
were, at tbe extreme boundaries of artificial vision, otiicr 
luminous patches, similar in appearance, may be seen, which, 
by the rule of analogy, we may consider as representing aimilar 
clusters of stars. And nodoubt, were our visual perception suffi- 
ciently sensitive, we should see far onward amid the ethereal 
spaces other like luminous patches, which, fading in the immoa- 
Burable distance, are doubtless planetary bodies, swayed by the 
same laws of gi'avitiition and motion as tliose which regulate 
the system to which we belong. And although tbe individual 
members of each group perform their unceasing and noiseless 
revolutions around their central primary, the direct raya of 
which may never have affected our mortal vision, yet, rising 



' *'TA!fGKRB BMIM BT T*NCJI, pi*I COBPUB, NDLLA POTEST BE8." — 

Lucret., lib. i. ver. 3(H)) &c. 



44 



E89AT ON VISION. 



witli the thought, and giving rein to tlie unagiiiatioii, we shall 
behold in aorae of these groups systems fiir mOire stupendous 
than our own, the abodes, it may be, of beings of much greater 
intellectual capacities and of more refined feelings than any 
possessed by fallen Adam's race ; into which abodes sin and 
sorrow may never have entered, in which no martyr's blood 
has been shed, and where, perhaps, the agonies of a Calvary 
Hiay never have been endured. 

Should it be asked, Why doeaa cluster appear to us ntei'ely 
as a patch of light, when the planetary bodies of which it is 
composed, and even the central luminary around which they 
revolve, can be seen in no other form? the obvious answer to be 
returned is, that such masses are not seen by direct light, but 
indirectly, by their skadoivs-iii-light collaterally irradiated, in 
the same way as the ghadows-in-liyht were projected into the 
valley from the summit of Eeacon Hill. The cases are pre- 
cisely analogmia; the conclusion to be drawn from them clcai* 
and decisive: and therefore, since such groups are seen only 
by right collaterally deflected from perhaps thousands of 
opaque bodies belonging to a solitary system of stars, bo, 
according to the perspective projection in which the common 
plane withhi whose limits they pei-forin their periodicities is 
seen, the luminous masses, though seeming to be " almost 
" universally round or oval," will sometimes appear straight, 
hollow, double, spiral, and even as shapeless as the " Magellan 
clouds." 

But the Milky Way is by far the most grand and extensive 
esbibitjou of all visible nebular phenomena. It Includes 
within its boundaries the greater uumber of the astral clusters, 
each maintaining, it has been supposed, the same relative 
situation among the stars as in ancient times^ and all extend- 
ing, like a narrow zone, their common bow across the heavens. 
When viewed tlirough powei'ful telescopes, It Is found to consist 
apparently of millions of minute stars; so that it may be as- 
sumedj ri posteriori, to mark, by the liffkt of CaUaterat irra- 
rfifl/ion, the luminous course of a sobtary system of planets 
around their primary. If so, of what inconceivable extent 
must be this orbitj and of what slupendous magnitude the 
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central luminar)' V No stretch of the imagination can shadow 
foj-tli 9n adequate notion of a spectacle of such sublime 
grandeur. In comparison with which aU other similar systems 
fflde into utter insigiiiftcancy. We can form no adequate 
conception even of the ages ivhich it would require for any 
one of the planets of which this wonderful galaxy h composed 
to complete its periodical revolution. And how overpowerinf^ 
would be tlie ligiit sent forth hj cvllaieral irradiation from 
the surfaces of so many myriads of stars, were the luminosity 
thereby resulting not reduced in brilliancy of effect by the 
coimter-action of lateral shadowa uixin the deflected solar 
beams. 

The operation of lateral shadows constitutes one of the 
greatest obstacles to the improvement of artificial vision ; and 
it will, in all probability^ greatly impede its advancement 
beyond the point at which it has already arrired. But not 
only do lateral shadows impair the efficiency of vision by 
artificial meauSj but even the light of collateral irradiation 
exerts a powerful effect in this respect ; nor is it by the intro- 
duction of opaque diaphragms Into eye-piecea that the&e pro- 
perties of light can be counteracted. This subject, however, 
has been already discussed in Part III. of this Essay, I will 
only, thereftffe, in this place, explain the operation of lateral 
stiadoits, in regard to lenses. 

Tbu9, in the present diagram, let A B re- 
present the section of a double convex lensi 
C A E B and DB FA conjugate solar raya 
proceeding from opposite aides of the sun's 
disc, and incident at A and at B respec- 
tively. Now, if h, a focal point of A B, 
represent the left inverted half, C O, of tlio 
solar disc, and g, another focal point of A B, 
on tiie same plane as h, represent the other 
inverted half of the solar spectrum, D O ; 
then these two halves slightly overlapping at i, 
will form a common section twice as strongly 
iUuminated as any other part of the spectrum. For the lateral 
shadows k k, k g, issuing from their common point of decussation 
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at if being projected into the direcUons k k and k g, and 
Mliog on the half Bpectra k and g at their cirmmferential 
parts, will cause those portions to he lowered iu fariiJiancj-: 
beoce the siib(lii<_-d effect of light at those places, which, tg bor- 
row an erpreasion (thoagh too !oo8e for the occaaion) &om 
Dr. JuriD, forms there " a cittU of dtMgipation" 

These effects may likewise be explained by a front projec- 
tion. TIiiu, in the subjoined diagram, let 1, 2, 3, 4 represextt 
four (out of innumeniljle) solar spectra» formed bj conjugate 
rays emanating from opposite aides of the 
sun's visible surface, as in the lant dia* 
grant. These conjugates forming inserted 
Rcctiona of the solar spectrum at 1 and 
3, 4 and 2, respectively, and each sec- 
tion si igh tly ver lapping tlie other. 
render the resultant effect at the centre 
C four times more luminous than at 
any other part of the combined spectrum. ^Vod sinc^ -the 
Bectionfl abed, containing fewer rays, are less Iududoos 
than C, therefore these also are more luminous than the sec- 
tions 1, S. 3, 4, which contain the fewest rays, and answer, as 
before said, to the " circle of dugipation^ of Dr. Jurin. But 
since, as shewn in tlie last diagram, the several points or croas- 
in^ of the conjugate rays project their own shadows m the 
direction of the archea ah c d; therefore, tlie lateral* thus 
falling produce the same " remarkabl-e degree of obacuritif" 
uptm the conjugate arches acb,a db, and d b e^da e,a& were 
exhibited by the areheB of Grimaldi's well-known experiment' 
Not only IB distinct vision impaired by lateral shadows and 
the light of collateral irradiation, but these two antagonistic 
principles are likewise productti^e of a third cause of disturb- 
ance by their reciprocal action^ by effecting an evolntion of 
colour. For when Grimaldi received two iuminoua cones upon 
a sheet of white paper in a darkened roonij he found, by 
holding;; the piipi^r at various distances from the two aperturea 
through which the rays passed, that at one particular distancL* 



' yiilr Kdirithurffh Cncyutop., Art, Opticn, p. orja 
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a red-colonTGd light was cast upon the paper. He does not» 
however, appear to have drairn any satisfactory conclusion 
from this factj which he seems to ti-cat as a spontaneous effect 
of inflexion of light, a property of which be is supyosed to 
have made the discovery; hut be was evidently unacquainted 
with the true cause of the phenomenon, which may be thus 
explained: 

Let A and B, in the accompanying diagram, represent two 
apertures through which two cones of raya enter a darkened 
room, which cooes, after crossing each other, and being re- 
ceived on a aheet of white paper, C D, form thereon two 
luminous bases ; that is, the cone of rays passing through A 
forms the base a D, and that passing through B forms the 
base h C ; hxit these bases, intersecting each other, form a com- 
mon Begmentj ab; and as this common segment receives 
(A B hght from both A and B, it be- 

V B comes twice as luminous as the 

Wb \. li other parts of the bases a D and 

B l\w/i ^ ^" Now it was shewn in tlie 

^p \tH\ last two examples, that the respec- 

^ J, MAa fte tive arches at a aod at 6 exhibit 

/ j\f}\ \ "a remarkable decree of ohscu- 

^— y..[J_|.i^A YEiuw rity" having been caused by the 
W I \s\ \ \ projection of shadows from rays of 

/ / 1 5 \\ BiuB light at the immediate points of 
/ I i\ \ \\ their crossing at 11, Y and B. 

/ I I }\ \ \\ ^"*^ these conjugate rays pro- 

/ / / I I \ \ \ *^^*^® another ciTect at their points 
/ L.J..-_iJi\A\ of decuBBatiou ; for the place indl- 
c---. K^-: ^^s- cated by Grimaldi as that at 

which the red light appeared, 
must have been the immediate point Rat which the central solar 
beams crossed, and at their crossing produced, by their liuni- 
nous shadows, the colour of which he spealts. At the place of 
tbetr second ci-ossmg at Y, where the space is more expanded, and, 
consequently, the light more diffused, a yeUow colour should 
have appeared, aa being the next in succession on the chromatic 

^ Loco dtQta. 
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Scale. At the third point of their crossing, at B, being still 
more spread, and therefore more obscure, a blue should have 
been seen ; but at C D, the fourth point of their crossing, and 
that at wbich the first series of the chromatic scale terminates 
and the second seiies commences, there » concnrrence of all tlie 
lateral shadows taking place, would cause a mtxed colour inter- 
mediate between obscure red and obscure blue and yelloio to 
appear, resulting in obscure indigo. This wilt be further 
explained presently. But since other subordinate conjugates, 
coining in aid of the formerj and at their mutual crossings,, 
producing a general and a local effect, therefore a sheet of 
paper placed at any one of tlie four positions above men- 
tioned win participate of the colour corresponding to that par- 
ticular distance from the apcrtiu^ 

Consequent, liowevcr, upon the overlapping of solar 
spectra in the manner above pointed out, there resiJts a fiftli 
effect, being the development, in a minor degree, of the *' phy- 
sical lines " which Frauuhofer first pointed out in the prismatic 
spectrum, and of which I shall have to say more presently. 

If we compare the above cliromatic effects oHateral shadows 
and tight of collateral irradiaiion with those of which Newton 
gives a detailed account in his Optics, we shall find the same 
co-oi-dinate principles in operation, in regard to the coloured 
skadoici or fringes stated by him to have been projected by 
a huiaaii hair and by a filament of silk ; for the coloured fringes 
invariably followed tbe oi"der of the distances at which the paper 
that received them was held firom the aperture^ This con- 
formity of effect with distance induced lum to suppose that 
the light admitted into the room was not the same light at 
all distances from the aperture; for, he says, since the several 
colours could not have been developed by any new modifica- 
tion impressed upon the rays by the hair, therefore " the 
" varioas inflexions by which the several sorts of rays were 
" separated from one another, which before separation, by the 
" mixture of all the colours, composed the white beam of the 
"aim's light; but, when separated, composed lights of the 
" several colours which they are originally disposed to exhibit." ' 



Eldinlnir^h Encyclop., Art. Optica, p. 053. 
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But in what manner can "the several sorts ofmya" be 
separflted from one another? or are they in any way separable 
from each other ? Before this question oin he answered, we 
must ask, WHAT is coloub? It has certainly "no separate 
existence or local propensity apart from shadow and reflexion. 
The solar beams cannot be submitted to a process of segrega- 
tion, or be reduced by decomposition into minute parts ; neither 
can they he compressed within narrow spaces, nor bounded by 
lines, nor measured by scale and weight. Direct solar Hfjht 
produces direct lateral shadows from bodies, whether opaque 
or transparent ; and even the crossing of the luminous raya 
themselres project shadows firora their respective points of 
decussation; thereby developing, also, as has been shewn, cor- 
responding chromatic effects. But the light of collateral irra- 
diation, when deflected from the surfaces of opaque or trans- 
parent bodies at all angles between 170° and 180° from the 
incident ray, produces colours corresponding to the intermediate 
angles, as may be ascertained in regaid to solai- light : for 
when the latter is collaterally irradiated from the earth's 
surface, especially in winter, either before sunrise or after 
Bunset, if carefully examined by looking at the sky through a 
narrow upright opening, it will be found that the deep crim- 
aon-red resting upon the visible horizon melts insensibly into 
the deep purple which overspreads it and the intermediate 
landscape, while, above the former, It Hkewige softens into a 
brighter red, and this again into an orange, and ao on, through 
the several gradations cX ihaded Hghtfinto a yellowj a green, 
a blue, a purple, and, finally, into the obscure azure of the 
higher regions of the atmosphere, 

This doctrine, I fear, strikes at the i-oot of the hypothesis of 
colour by the decomposition of solar Hght under the action 
of the prism, and equally consigns to the category of " opti- 
CAI. illusions" Fraunhofer'a " physical lines of the solar 
spectrum," as T will now attempt to shew. 



Exp. 27. In the accompanying diagram let A B C represent 
a triangular glass prism, of which the side A B is to be held 
in a vertical position in front of a single window, so tliat the 
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direct rays of the sun sliall be allowed to fall immediately 
upon the sidea A B and A C of the prism. Now, by following 
the direction of the ray Z, incident at the angle A, we shall 



Ji: 



4>ijim»- 

■IB- 






lit 



find it, after entering the body of the glass, branching off into 
two diretrtioiia, b and x:', at which both respectively einergf, 
and, falling on two opposite sides of the room, form two equally 
distinct spectra; namely^ the brantdi from /i exhibits it&elf in 
the spectrum marked 1 red, 2 green, 3 purple; and that from 
z', in the spectrum 4 i-ed, 5 green, 6 purple.' On a close 

' Tn this Esperiment, the yellow, thopg-h eitremely bright, occupies efl 
small a space in the apectrum, in conacquence of the blue extending so 
far orer it in fonciLn@- the gn&a, th&t 1 have d^crihed the Intter as tokingr 
the Bscond place on the chromntic scale, instead of the yellow, the proper 
coluiir. WoUaaton affirma that the ]minitive coloura of the sokr *pec- 
trmn are ojily red, blue, greea, and violet. Vide Wntkiii'd poi-table 
Cyclopredia, Art, Liplit. Dr. Younp, however, distin^uMhed a narrow 
lin« of yellow between the red and the green. Thnt this iB true, the 
above experiment proves. 
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inspection of the colours, it will be seen that tiey are really 
composed of two separate spectra falling on the Bame plauej 
and -covering eacli other in an inverted order ; so that the red 
of the one spectrum extending partially over the blue of the 
other spectrimi, they together fonn the purple ; the blue of 
the one spectrum partially covering the yellow of the other 
spectrum^ the_f together form the green ^ and the yellow of the 
one spectrum falling partially on the red of tlie other, they 
together constitute the orange; and so on, by duplication, 
shading down at each extremity of the scale into a jjrofound 
azure. Similar effects are also exhibited by the natural sty.' 

Proceeding in like majiner with ai*, incident at B, we shidl 
find, that after entering the body of the glass^ it tiikea a 
direct course to b, thence, by reflexion at the angle-proper to 
b\ and by a re-reflection from the interior surface of the side 
A C at that place, it is thrown forward to 6*, and at that 
point emerging, forms an inverted epectrum at 9 red, 8 green, 
7 purple. 

But three other spectra, each colourless, will appeal', namely, 
one from the ray a',whlcli, incident at dM reflected, at the angle- 
proper, to tv white; one from another portion of the same lumi- 
nous matter-in-excess which,after entering the body of the glass, 
traverses it to d', is there refiected to d^, at which point 
suffering a re-reflexion, it is thrown forward to d*, and thence 
emerging, forms an inverted spectrum at Y. Til like manner 
the ray a ^, incident at d *, enterinig the body of tlie glass, 
traverses it to d', and after several re-reflesions at the angle- 
proper, from various points of the three interior surfaces, 
finally emerges at a point contiguous to d *, and forms the third 
colourless si)ectnim X, immediately between the other two» 
leaving a clear uniUuminated space between each of the insu- 
lated spectra. 

By a slight movement of the prism on ita axis, the inverted 
spectrnm 9, 8, 7 will be made to descend ; and, passing over 
the three colourless spectra {which, however, remain stationary 
during the operation), will cover the spectrum 1, 2, 3, in such 
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manner as to render the tliree colours, red, green, aiid purple, 
more decided and clear. And as the limits to which the 
coloared spitces of the spectrum extend, in hoth. directions^ 
are well defined, their several edges are very distinguishable. 
By thia combination of the colours of two spectra in an inverted 
order, the terminal tints become exactly alike; that ia, the 
profound azure at one extremity receives into itself a deep 
crimson-blue; this ^ain a crimson-rod ; and, in succession, 
an orange, a yellow, and a green. The green, followed by a 
purple, also gives place to a crimson-red, which again termi- 
nates at the other ex.tremity in profound azure- But the inter- 
mediate colours, orange and yellow, occupying respectively 
only narrow spaces in the compound spectmm, being irrelevant, 
Ure not here partit;ularly described. 

Now, in order to observe the effect of positive shadow upon 
these coloura severally, I held a pencil before the two sides 
•A B and A C respectively, so as to touch those surfaces, and 
thereby to cause the pencil-shadow to fall at the places re- 
quired. Thus, upon the crimson-blue, the shadow was indi- 
cated by a richer colour of the same tint; and upon the red, 
orange, yellow, green, and bo forth, corresponding effects of 
bright-coloured shadows were produced. But of all the 
coloured shadows, none was rendered so clear and free from 
impure or antipathizing tints as the gi-een, the shadow being 
thereon of the most lively and nch colour, 

This experiment appears to establish the fact, often stated 
in this Essay— 1. That colour {& shaded light i 2. That 
Colour, divested of lateral shadows, is white light; 3. That 
white tight U essentially white light under all circumstances ; 
aad, 4r That solar ray8, although incapable of decomposition 
by the prism, nevertheless acquire colour by passing through 
coloured media, as well as by reflexion, refraction, and shadow. 

It would have rendered the diagram unintelligible had 1 
attempted to represent bylines the exact progress of even a 
single ray through the substance of itie glass, in order to 
exhibit as great a number of angular reflexions and re-reflex- 
ions as would occur in its passage through the medium to 
difi'erent points of the interior surfaces of the prism. Tlie 



diagranif therefore, is intended merely to shew the principle, 
but not its exact working, which is to be gathered from the 
present and from other parts of this Essay, I need only remark, 
therefore^ in this place, tiiat the angular reflexions in question 
are repeated from surface to surface of the three interior sides 
of the prism, following the direction of the arrows, till, becoming 
fainter and fainter after each repetition, the last ray is lost in 
deptha of azure. Thus, by how much greater the number of 
reflesiona and rG-reflexiona suffered by a aingle ray of light, 
by HO much the more will its illuniinatLiig power be reduced : 
if they be few, the reds and the yellows will preponderate j if 
many, the blue or azure. For as the prism, has three sides, bo 
are those sides, by their lateral shadows, separately repre- 
sented by a red, a yellow, or a blue, the last ray always 
participating of the colour belonging to tJie side of the prism 
from which it takes its final departure. 

The manner in which the inverted spectra fall upon eacK 
other is shewn in the following diagram, by separating the re- 
apective planes on wliich they fall, and placing the latter aide by 
side, for the convenience of comparison. Accordingly, in this 
example the boundary lines of eacli coloured space are (though 
not accurately) marked by black lines, and the dotted lines 
on the upper spectrum indicate the places at which the edges 
of the second spectrum fall. The spaces are unequal in 
width, and some of the edges fall so near to each other, as, by 

_ their vicinity, to mark 
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I .^„. | "„|vLia™ Ll l'^iin that place mora distinctly, 

and thus to sliew an im- 



mediate connection between tbem and the " physical lines " of 
Fraunhofer, as will be further shewn in the nest diagram. 

With respect to the three colourless spectra, It is sufficient 
to say, that when reflexions take place at the avgle-propETf 
and therefore emerge from the prism before a ray becomes 
achromatized by lateral shadows, the result issues in a white 
spectrum only. 

In regard to the " physical lines," a single example of the 
phenomenon and of its roling principle will suffice for an 
explanation. 
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Ill tbe following diagram, ABC represent the section of a 
triangular prism of glass; R and r, two intermediate conju- 
gate solar raysj whichj after impact on D and d, of the side 
A Bj enter tbe body of tte glass, and crossing each other mid- 
way between the two surfaces A B and A C, and emerging 
from the latter at r ' and r *, finally fall upon a sheet of paper at 
the points r* and r* respectively* Now it has been abewn by 
Grimaldi's experimentj that even rays of light, at the points of 
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tieir crossingSj produce " a remarkable degree of obscurity ;" 
therefore, in this instance, that " obscurity " is exhibited by 
the ray R from X to r \ and by the ray r from X to r^, which, 
lolling on the paper r^ r*, form the external boundaries 
of the two Colours respectively which should appear at those 
parts of the paper. 

But the external edges of the angles A, B, and C cannot be 
made absolutely sharp, therefore the interior portions of each 
blunt edge will be received as a dark shadow upon the in- 
terior fiurfftco of the side immediately opposite, and thus ita 
image will be transferred to some point between r * and r*, by 
the action of passing rays. And since also the rays R and r, 
after impact on f ' and r'j are thence reflected at the angte^ 
proper \ therefore, by allemate reflexions and re-rcflexiona of 
light and of lateral shadows, and by the iiartial illumination 
which tbe latter receive, the whole remaining portion of the 
luminous matter ia exhausted or dissipatM within the suh- 
fltajice of the prism. The angular convolutions thne per- 
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formed by the reflexion of rays cause the dark shadows frotn 
the interior edges of the angles A, B, and C to be traiisftrred 
from opposite sides to corresponding points on the paper r' 
andr*; and by the concurrence of many of these shadows at 
contiguous points, the development of the " physical Hues " of 
Frail nhofe-r's solar spectrum is completed. These lines, too, 
are rendered darker and broader, by subordinate lateral 
shadows from the three angles and sides of the prism, and 
from the points on which the several raya impinge. 

From all that has been &ald, therefore, it would appear that 
the gradatiotis of colour in natcre are chiefly owing to the 
mutual and co-ordinate etiPects of lateral shadows and collateral 
irradiatioH, acd that the colours of the prismatic siwctrum are 
owing totheoft-repeatedactionwithin the glass of the same two 
principles. It would seem, moreover, by the present experi- 
ment, and by that recorded at page 5 of tliis Part of the Essay, 
that the medium of glaas also operates upon tJie matter of 
light in two other ways; namely, 1, by retarding ita Telocity, 
and, 2 (consequent tliereupon), by lowering its temperature 
probably. I say probably, as a strong analogy is found to 
exist between temperature and colour. Thus, if a wedge of 
steel be heated, and allowed to cool gradually, it will exhibit 
on its surface all the colours of the prismatic spectrum: the 
red succeeding to the white is followed by the yellow, the red, 
and so on, down to the last, namely, the blue, which latter, as 
far as the nature of the material when cold admits, will be- 
come permanent, as may be seen in watch springs, &c. 

Analogous effects take place in the atmosphere. Near to the 
surface of the earth, at sunset, the temperature of the former act- 
ing immedlatfily upon the rays of light thence thrown upwards 
by collateral irradiation, produces a red coloiir in the sky. 
Higher up, at a point at which the heat is leas felt, the colla- 
teral light becomes orange, then yellow ; and aa the raya 
ascend into the higher regions of the atmosphere, and become 
leaa and less influenced hy radiant heat from the earth, they 
pass tlu'ough the other chromatic changes of the scale, such as 
the green and blue, and terminate finally in profound azure 
on reaching the freezing zone. 
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So likewise in water: when aballow, the solar beams reach- 
ing to tlie bottom, raise its temperature, and a paLe green is 
reflected from its surface ; but when the aun's ravs are incapable 
of penetrating to unfathomable ocean depths, where, perhaps 
bound in gebd chains, " Cimmerian darkness dwells/' there onlj 
a profound azure is reflected.' Night, too, shrouded in deepest 
aznrej reflects no other tint ; for, to use the language of 
Lucretius, What colour can there be in thick darkness^ Bince 
colour i8 changed by mere light, ap])earing dift'erent as the 
rays ati-ike more or less obliquely ? And, as in the plumage 
(especially around the necks)of doves appears to reflect difi'erent 
colours, as the sun's rays strike differently upon it, so in one 
case it reflects the red of the carbuncle, and in another the 
mixed gi'een of the emerald with blue. The tail of the pea- 
cock, -when bathed in a flood of light, changes colour accord- 
ing to the position from which it is viewed; and since all 
these colours are produced by a mere effect of light, therefore, 
without tbatlicrht, colour cuuld not be produced at all.* 

If solar light bo refracted through a lens, or converged to a 
point by a reflector, tlie spectrum remains white; but as a 
much larger quantity of luniinoua matter m thereby diverted 
from its natural course, and accumulated on one point, the 
£ood of "White light becomes there so intensely vivid, as to 
produce incandescence or combustioTi. 

With regard to the permanent colours of bodiee, the great 
diversity they exhibit h owing, probably, to the peculiar* tint 
which each body is disposed to exhibit on reaching its frigid 
state, aa in the case of steel. 

' HumWdt. in using- the cyauometer of Deluc dt SBuseuTe, slates, that 
during fine weathfir the aea changjed colour troM the usual g^recn to d*eijeal 
indigo-blue, tUu'kejt green, or alale-firTey, without any perceptible atmo- 
spheric change. And he proved ttiat the eipresaion, " the ocean refl«rtB 
" the eky," ia purely poetical, aa the sea is oft^n blue wbeu th« sky ie 
almost totally fcavered with light white cloada. — Fide Gosmoe, p. 47. 
* " QiulUb enim cwcis poterit color esse Unebrie, 

Liimine qui nmlatur in ipso, propterea quod 
Recta aul obliqufi percu*3U9 luce rafidg-et J 
Plumn ColiiDabBrum quo pscto in §ole videtur, 
Quie sita cervicee circum, coUumque coFDaat : 
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Among those who have moat contributed to the advance- 
m^it of science, and whose writings are replete with sugges- 
tive thoughts, no name is more deservedly respected than that 
of Count Rumford. In one of his papers, published in the 
" Transactions of the Royal Society," * will be found some in- 
teresting remarks upon coloured shadows; but although it 
appears to have been his intention to follow up the subject by 
further communications, I am not aware that he ever carried 
it into effect Enough is said, however, in that Paper, to 
attract attention. 

But even at an earlier period the observant eye of Leonardo 
da Vinci was attracted by the effects of coloured shadows, 
of which he gives examples in his " Treatise on Fainting." He 
indeed seems to have had a true appreciation of the action 
of these shadows; but his precepts have been too much 
neglected. The principle he enimciated is this: that "the 
'* superficies of an opaque body participates of the colour of an 
" object from which it receives light." The example given is 
that of a perpendicular column, whose shadow, at the time of 
sunset, is projected on a wall at a short distance from it ; and 
since that portion of the superficies of the wall upon which the 
shadow falls is not illuminated by the direct rays of the set- 
ting sun, therefore it " receives only the reflexion of the blue 
" sky ; while the rest of the wall, receiving Kght immediately 
*• from the sun, participates of its red colour." ' 

The truth of this statement may be proved even at mid- 
day, when the sun, as it were, equally divides the visible 
ethereal hemisphere, and when the radiation of light from that 

Namque alias fit, uti rubro ait clara pyropo ; 

Interdum quodam sensu fit, uti videatur 

Inter caeruleum Tirideis miscere emaragdos. 

Caudaque pavonls, larga cum luce repleta'et, 

Gouaimili mutat ratione obversa colorea ; 

Qui, quoniam quodam gignimtur lumiois ictu, 

Scilicet id sine eo fieri non posse putandu'st." 

Lucret. lib. ii. ver. 797, &c. 
> Phil. Trans. Abridg., Vol. xvii. p. 370. 

' Treatise on Paintings, by Leonardo da Vind, Translation, p. 138, 
London, 1832. 
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Imninary spreads to too great a distance around him to enable 
113 to perceive the particular colour of which a. given shadow 
participates ; for when it falls upon a light ground, such aa a 
chalky road, it then acquires a fur more brilliant and trans- 
parent pui-ple hue than any which la seen in the sky. 

In order to ascertain whether the phenomenon of coloured 
shadows is dependent upon the principle of itiflexion or dif- 
fraction of light) according to the definitions of Grimaldi and 
Young, I made 



Exp. 2S. Having fastened a string vertically across the 
aperture of my reflecting telescope (an instrument of 7 feet 
focal length and 9 inches diameter), and pointing it towards 
the clear blue skyj I looked down upon the abject speculum, 
in which I perceived a double image of the string. The 
image on the right being well defined, was reflected of the 
natural colour in shadow ; but that on the left, being of a dull 
indiyo tint, had its edgea imperfectly defined. The angular 
space between the fipectra appeared to be about 4-tenths of an 
inch of arc of a circle whose radius is 9 feeL Every other paf t 
of the speculum, however, reflected the natural colour of the 
aky towards whith it was pointed. 

I nest tiu-ned the instrument into the direction of a patch 
of grey clouds. This change had no other effect upon the 
double images reflected, excepting that the edgea of the image 
i>n the left were made outBomewhat better than beforei. 

Upon my directing the telescope towards a atone wall ehaded 
by position from direct solar ligbtj and rendered still more ob- 
scure by the overhanging foliage of a tree, I perceived, that while 
the illuminating effect produced upon the speculum was feeble, 
both images of the string were rendered nearly equal in 
strength and move alike in local colour; but ihe angular space 
helween them noui assumed a dull indigo iint. Tiiis colour 
was strictly confined within the space in question, all beyond 
it exhibiting only the natural appearances of external objects 
reflected in the mirror. 

Similar effects were witnessed on Looking at the same ob- 
jects by the usual side view in the instrument ; but on tlie laltei' 




occasion, as the eye vfoa within the focus of the ohject apecu- 
lum, the relatdye position of tha two images was clianged ; the 
fainter one now appearing on the right, into whatever dia-ection 
the instrument might be pointed; hut when turned towards a 
very bright object, such a& a strongly-illumLiiated cloud, the 
central or resultant effect was so vivid, whether by a front or 
a side view, that only one strong, tremulooa image of the 
string became visible. 

The result of this experiment shews that the indigo tint 
which occupied the space indicated by the binary reflex- 
ion of the string, could only be produced by the string's lateral 
shadows^ also binary, the overlapping of which between 
the images forming a section common to both laterals, gave 
rise to thq coloured space or shadow of which we are sjieaking. 
But as no similar duplication could take effect exteriorly to 
the double image,? of the string where they were only ainglej 
no such colonr appeared elsewhere. 

Now if the eye itself were capable of supplying, as an acci- 
dental calovr, this indigo tint, there miTst be, in the constitu- 
tion of the organ, some property by Avhich such purely local 
effect was caused. What then ia its constitution ? 

Sir Evenird Home Btatfis^ as one of the results of his inves- 
tigation of the human eye, that in health the colour of tlie 
retina is blueish.' If, therefore, light on its passage out of 
the eye be affected by the tint of wiiich this membrane is 
possessed, the effect nmst necessarily be general, not local, as 
ID the present case. 

On the other hand, Scarpa declares that the retina is an 
opaque membrane, on which account, he says, it reflects the 
black colour seen through the pupil.* Haller, however, having 
gone farther tlian this, not only asserted that the membrane 
is opaque, but a(so stated that its colour is ashy-yoliow. {ex 
fiavo sabcineriur/i).^ 

Then, with respect to the choroidea, Petit says it is brown 
in childhood, a little less so at twenty, gridelin or grey violet at 

1 Phil. TnuiB, Abridg., Vol, xviii. p. 467. 

'Tnittato delle Malattie deg-li Occhij tem.ii. p. 231. Pawd, 18(HJ. 

" Hementa Phyeiolpgiie, Tom, v, f, 386. 
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thirty; and, as life advances, tliat it becomes lighter and 
b'ghter till, at the age of ninety, it is nearly white/ No infe- 
rence more favourable to this Bxceptional caae^ therefore, can 
drawn from the latter facta. 

Furthermore, the vitreous humour retains through life a 
somewhat yellowish coloui' ;^ but the crystalline, gn the con- 
traryj is wholly colourless at twenty years of age, yellowish at 
diirty, straw-coloured at forty or forty-five, and will have 
acquired, at seventy or eighty, the appearance and consistency 
of amber.^ Finally, it has been shewn in Pai-t I. of this Essay, 
that the cornea is a purely colourless membrane. 

It may be as3um.ed, then^ that by no efltort of the WILL 
exercised upon the organ, being in health, and by no combi- 
nation of physical circumstances affecting the function of 
visioTij could the eyej by an uidependent action, originate 
subjectively the local colour in question as seen on the specu- 
lum. The entire efiect, therefore, must he attributed to the 
duplication of subordinate binary shadows at the place in- 
dicated. Indeed, if we compare the chromatic result of the 
present experiment with that of Grimaldi's two luminous cones, 
and with those of Newton's human hair and filament ofsilfc, 
we shall be satisfied that the development of colour is not 
an organic effect, hut the immediate result of a physical actiou 
produced by lateral shadmes upon the li^ht of collateral 
irradiation^ And although the eye, considered as an optical 
instrument, is far more perfect than any one designed to aid 



' Memoirea de VActdemte BAyal des Sciences, pour Ann. 1736, p< 20&> 

» Ejnadem. »Idem, p, 113. 

* The following eiperimfeQt will exhibit the tme frindpk upon vhich 
hftnaony and diaeoaiuice of colour depfinii ; which prindple, if carried to 
its proper extent, will open a. wide field for the study of the flower 
painter, and perh&pe l6&d to important results in the scieoce of chro- 
matics : — 

Fkce six slips of blue, gi6ea, a.ad pirple-«oloured jiajier, or IftmbB- 
wool, promiucupuslj on the right dde of & gtereuscope mmera, iind the 
same number of red, oningfl, and yellow, also promiscuouHly, on the left 
6ide of the Bsaae ewaera. Then, on looking throug-h the tubes, the respec- 
tive colours of the two groups wiil njipear to be translated from a side to 
a central view, and to be there aa pcrftctly miied together aa if that 
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vision executed by the hand of man, it ia, like tlic latter kind, 
liable to be affected anomalously by these distnrbing proper- 
ties of light; so much so, indeed, that unless the wii^L be 
exerted for the purpose of accomplishing distinct viaion by 
exercising a power of selection in regard to t!ie individnal 
object upon which, at the moment, we may wish to employ the 
faculty, the effect of double vision with two eyes, and even 
with one, will be the immediate conseq^uence of the above- 
mentioned action of light upon the physical organ. That such 
a result lias proved very perplexing to writers on optics is 
evident from the fact, that De la Hire, quoting the case of a 
near-sighted person to whom a single hair-line drawn upon 
the white face of a sun-tEial appeared doublSj makes this 



operation Lad been performed by the liimd instead of the pje. This 5a, of 
touTse, an optical deception. But the law of impenetratnUty of matt-er, in. 
cominw ioto force, here shews how physicBlly impossiWe it is f^^^ two 
opaque bodies to occupy the same Tisible area at the gnme time ; for when 
the apparent transfer of colours takes place by the concurrent action of 
both the eyea, if any two of the former fnU into the same line of eight, 
one of them ftliall be obliterated, and the other remain : if a red vanish, 
the ^roup will appear too nld; if a blue, too Kortn, If they be in too 
clofle proiimity to certain other coIoutb, they shall wholly, or partially, 
dieappear from sig'ht. And if two colours diametrically oppoged, as a red 
and a irreen, cross thfl central line of vision, so that by Bpreading, parts of 
both shall be seen tOg^therj they will slowly and propreasively recede 
from each other, and thui^ require a continued exertion of the mind, 
actinffupon the muscukr apparatus of the organ, to bring their imag-eft 
Imrk, and retain them eteadily in view, even for a single moment. The 
operation will be nearly as fatiguing to the eye as when the two nem'esi 
halves of & Jiftomttricill figure, drawn in white lifles upon & black ground, 
are mode to join symmetrically by th« crossing' in the Btercoscope of the 
optic axes, in the manner described in Part II. of this Ebhsv. 

But another effect likewise takes place ; for as, in point of fact, the warm 
and the cold colours remain stationary during; the above operation, and 
rest upon the same plane, th* eye itaelf will appear to change their 
relatiTe pottitioii within the optic ang'Ies, so as eomctimes to linn^ the 
warm colour before the cold one, and Bometimea the cold one before the 
wartnj accfiniing: aB the rig^ht or the left eye takes ike leading part, it 
being i» condition neeeesary to diatinct vision, that one eye alone shall 
eseroise the dorainant power, — See Part 11, of tliis Essay. And as tlie 
eyes, in this respect, are perpetually changing the lead in viaion, a* when 
directed to a near or & distant object^ and as eadt ey« uee that object 
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remark : he says, " This is one of the most difficuJt phenomena 
'* to account for, and can only be explained on the asaumption 
" that the crystalline lens of the individual was formed accord- 
" ing to the figure of l^icomede^s conclioide." ' 

Again, Dr. Briggs considera the operation of single and 
double vision as depending upon a perfect or an imperfect ten- 
sion of corresponding fibres of the optic nerves distributed 
to the organ from the brain, so that, when the corresponding 
fibres receive isochronous vibrations, they stir up a single 
sensation in the mind ; but when an image falh on parts of the 
retinoa the tenaton of whose fibres does not correspond, the 
discordant impressions thereby resulting stir up two sensations 
in the mind.' Indeed, the doctor is so well satisfied with the 
harmony of hia theory, that he reduces it to the Ibrm of an 
equation ; thus, ** I. Why is vision not double since the 
" organ ia so? Because the fibr<B concordea are Hte unisons 
" in the luto, and the rays strike both at the same time, 
" 2, Why, upon pressing down one eye, does an object appear 
" double ? Because the rays then fall upon discordant fibres in 
" this find the eye not pressed, so that two eensationa are 
** excited in the mind."' 

Kepler thought that the union of the nerves anywhere 
between the t^vo retiiue and the brain is repugnant to the 
double appearance of an object, because, if the nerves are 
thns united, double viaion would be impossible.* 

Baumer imagined that the cause of double vision with the 

tinder a differeut angle, hence the dazzling effect produced upon the aight 
by cGitDin combinatione of 4jolours, especinlly when amingcd inW zig--zaf , 
or spottedf patterns on the paper of walls, or on carpets. Hence alsio the 
phtnoiaenon of the appearnnce of loose coloura in the "lambda-wool 
puzzle," and of relief in atereoscopiq views, In the former eases the phe- 
Bomenon depends upon the dumtion of an impresaion upon the retiaa: 
ja the latter it is tiwin^ to the physical tran^ktlDn of Lbe planea on whivh 
the objects stand, as well as to adverse polarities, the tme>qual power exer- 
cised by the two eyes, and th« ditfctrent optic angles under which Ibor 
mutual operations are performed. — See ante page 20. 

' Troite dea differens Accidena de la Vue, p. 156 j idenij p. Si3. 

' MoTft Vbioniii Tbeoria, p. 2o> 

^ Plul. Trans. Abridg-., VoL ii. p. 543. 

■* Diop, prop. fli. 
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two eyes Is that the crystalline of one eye muat be sHghtly out 
of centre with the optic axis.^ 

Cheselden Httribntcs the performance of single vision to the 
education of the organ by ineana of the sense oftouch, and by 
the GserciBe of the former upon objects which, by the aid of 
the lattei*, the niiud knows to be single. In support of this 
hypothesis^ he citea the case of a patient who^ having received 
3 severe contusion of the head, and the injury causing a dis- 
tortion of one of the eyeballs, he saw every object double ; but, 
by accuatoming his mind to perceive as single familiar objects 
which appeai-ed to be double, he recovered the faculty of single 
vision, although the distortion of the eyeball remained.' 

Botli Berkeley nnd Locke seem to imagine fhat our per- 
ception of external objeots, in regard to single vision^j depends 
upon the education and a proper exercise of the organ, but 
they ai-e at issue as to the aid whicli the faculty of'visioii 
receives from the sense of touch.* 

Dr. Smith, as well as Dr. Jurin, likewise conceives that 
single vision is the result of habit^ alleging, in support of the 
notion, that any unusual mode of exercising an organ of sense, 
such, for example, as when a single object is felt by two 
iSngera of the same hand crossed, this will cause the judgment 
to he deceived by a double sensation ; and, he remarks, *' Had 
" we a hundred eyes, in the ordinary and constant use of them, 
" an object would appear single ordinarily, and centuple in 
" extraordinary cases."* 

Raghellini instances the case of a patient to whom, after the 
operation of "double pupi! " had teen performed, single ob- 
jects apppEired double.' Letin rei'ers to anotlier case, in which 
the patient saw triple.* And, finally, Dr. Portcrfield, as well 



I Juati, Bftld^er, N. Mag-, blimile xi., p. 440, 

' Cheseldea's AniLtoTuy, p. 334, BCCfind edition, 

3 See Berkdey's Essay on Viaion, p. 17"2, u work kindly lent to me by 
Dr. Le*; Locke on Che UnderBtKnding:, tiook i. chftp. 9. sect. 8. 

* Smith's Optics, \d\. i. p. 4ti. 

" Lettera aJ S, Coeclii wipra I'offeesa della vista in una Donna. Veneta, 
1784. 
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as Iluygens, Baumcr, aTid Young, conceives that the cause of 
double vision ia to be traced to a slight displacement of the 
crystalline from its central position with respect to the asis of 
the e_^e. 

But authorities npon the subject might be quoted adlihitumi 
each difFering slightly on minor points, bat agreeing in the 
main ; yet, strange as it may seem, all appearing to have 
overlooked the two real nausea of double and single viaion, 
namely, the one depending upon the operation of a principle 
of light, by which double and multiple shadows ofeingle ob- 
jects are produced ; the other upon the exercise of the faculty 
of VOLITION, in regard to choice or selection of objects, as 
explained in Fart II. of this Essay. 

In aid of the commanding position which the mutd occu- 
pies in the performance of single vision, the eye is furnished with 
an apparatus of great efficiency and sinipUcity, upon which 
the WILL (exercising discretionary power, and acting upon 
the appropriate muscles through the agency of nerves supplied 
from the brain) enforces its commands by putting it in motion 
for the accomplishment of the intended effect. Thus educated, 
single vision is performed without an appreciable effort, and, 
consequently, without exhaustion of nervous energy. With- 
out this education, the mental faculty by means of which a 
toluntary selection is made would be useless; so that here,agail], 
double vision would be the rule, single vision the exception.' 
But the education here spoken of is acquired intuitively at 
a very early period of our existence (about three weeks after 
birtli), audit is never afterwards lost, except from an over- 
ruling abnormal defect; and whetlier internal injury or ex- 
ternal force canse the efficiency of the organ to become impaired, 
the result will be the same as when, according to Lucretius 
and BriggB, a finger presses against the eyeball so as to inter- 
fere with the muscles of voluntary motion, In this case vision 
becomes distorted and confused — men, animals, houses, trees, 
every object appearing double> wjlj fully realize to the mind 
of the individual the description of the ancient poet : 



' See Part I, of tfaia Euay ; nJto ante p. 68. 
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" At si forte oculo mnDua uiii subdita, aultt^r 
Presflie euia ; quodam sen&u tit, uti Tideantur 
Omnia, ij«w tuimiir, fieri tuni biim tueiulo ; 
Bina luceraanim fiorentia lumiDd tiummia ; 
Biitoque per totuB Eedeis gemiuiire ^iijiellex : 
Et duplices honunum fncicBj et coTjiora lina," 

Lucret. lil>. It. vcr. 449, Sea. 

Such, then, are some of the properties of light which, at the 
commenceraent of this Part of the Essay, I proposed to bring 
under consideration; and although the subject is far from 
being exhausted, I apprehend that sufficient evidence has 
been adduced to establish the assertion of Count Rnmford, 
that *' the eya is not akeays to be trusted.^" I have endea- 
voured to ahew why it "13 not always to be trusted," and 
have pointed out a few of the exceptional Cases, or anomalous 
conditions of the organ,' under which we are hable tt> be 
deceived by appearances, and to make falae judgments in 
vision. For the MllCD or SOTTTj, the only intelligent portion 
of one heing, although partaking of a divine nature, and itself 
"immortal and Invisible," is go restricted in the exei'ciae of its 
faculties by its association with the i3e8h, that it neither hears, 
nor feels, nor sees, without the co-operation of the natural 
element. It knows absolutely nothing by itself either of the 
mortal coil in which it is encased, or of the external circum- 
stances by which it is surrounded. It derives its information 
upon these and upon other matters relating to its happiness 
and well-being solely through impressions received from its 
handmaidens, the organs of sense. From their combined 
or individual report alonsj after undergoing the scrutiny of a 
sound Judgment, it forms its notions of the external world, and 
of its own intemal perceptions, feelings, and faculties. By their 
aid it is enabled to embrace within therange of its contemplation 
faint ideas of the power and wisdom of that Great Being by 
whom all things were created and fashioned, according to the 
determination of His will, upon a scale of grandeur, solem- 
nity, and symmetrical beauty, far exceeding the bounds of 
imagination to conceive, and displayed to na ia worlds and 

' Loco citata. 
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planetary systems harmonious, unimmbei'ed, and fitly orga- 
nized in all their s&veral jiartSt and inaintaiiied 'm stability 
and efficiency by the same laws which He originally Impressed 
upon, uiatter, and whach still govern and control tiot only dui- 
own system, but 

" WorW bejond worid, in infinite extent, 
Profusely scattered o'er the blue expanse," 

Thimiaon's Wessons— Autumn. 

— Worlds and systems occupying their appointed places En side- 
real space, many of which aie at such immeasHrable distances 
from ua that the imagination is bewildered at the thought. 
Systems, indeed, of whose existence, even, we should have 
known nothing had not their shadowb-in-ligiit^ heeu pro- 
jected sufficiently near to our orbit to be caught up, andj as 
it were, secured to ua by telescopes of such enormous optical 
powers as that of Lord Rosse, and of the United-States' 
Observatory, ere those luminous shadows were melted and 
absorbed into the unfathomable axure abyss of illimitable 
ether. In short, had the mind been deprived of the right 
co-operation of the organs of sense, it would have been inca- 
pable of asei'cisiug the faculty even of contemplation: it would 
be ignorant of its own existence : senseless, and without emo- 
tion, it would be a solitary blarik, tlie oidy bleak and sterile 
spot in nature. Nor healtliful breeze, nor evening dew, nor 
sunny mora, nor song of bird, nor voice of soothing friend, 
nor cheering hearth, could fill the void, or refresh the spirit, or 
nerve the vigorous arm, or Sttjitain the throbbing heart, or 
still the strife of conflicting elements within, or the jar of 
opposing principles without, until the hour of the body's dis- 
solution should have come, and life's feverish dream were 
ended, 

' Ante p. 14. 



